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FOREWORD

This document, though an official release of the Apollo Program Office, is furnished

for information purposes only. Its purpose is to create awareness, stimulate interest
and further promote understanding in the art and science of making real-life forecasts
and their subsequent utilization in the control of space vehicle weight and performance

throughout the Apollo Program.

This book is primarily intended for those in the Apollo Program who are responsible

for the administration, design, development, manufacture, and test of the Apolla Sys-
tem. New theorems have been developed, as well as application of proven techniques
but more importantly, a weight/performance forecasting methodology has been devel-
oped and automated. The text emphasizes the utilization of forecasting devices as ap-
plied to space vehicle weight and performance since these two parameters are of vital
interest to all levels of management as well as technical personnel. Further, weight

is tangible and readily measurable and can be readily related to performance.

The text provides, to those who wish to apply the developed methodology, all details
necessary to do so and includes the mathematical development, computer program

user's manuals and necessary instructions and procedures.

Forecasts and Appraisals for Management Evaluation text is intended to be a construc-

tive aid to the NASA Apollo team in assisting them in the weight and performance area.

- Samuel C. Phillips '7

‘Major General, USAF
Director, Apollo Program
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APPENDIX A

WEIGHT/PERFORMANCE DATA

A,1 INPUT DATA FLOW

A.1,1 MEASURING INDICES

The establishment and documentation of control indices was achieved in the Apollo pro-
gram through publication by the NASA Office of Manned Space Flight, of the Apollo Pro-

gram Specification. This document establishes control values for vehicle weights and

payload capabilities. Control weights were established separately for early Saturn IB
and Saturn V mission vehicles and the operational vehicles, Each set of control values
for the Saturn IB and Saturn V Launch Vehicle and the Block I and Block II Spacecraft
are based upon the mission objectives and requirements presented in the Manned Space

Flight Program Directive, Apollo Flight Mission Assignments. They include the typi-

cal information shown in Figure A-1,

A.1.2 WEIGHT/PERFORMANCE DATA FLOW

The second requirement, a periodic flow of current weight/performance status data,

was met by the development of two documents, the Office of Manned Space Flight,

Apollo Program Mass Properties Standard and the Office of Manned Space Flight Weight

and Performance Data Submittal Requirements. The first of these two documents, the

Mass Properties Standard was prepared for the Apollo Program primarily as a guide

for contractor use in controlling and reporting mass property data to the Marshall
Space Flight Center and the Manned Space Flight Center. It established a system for
ihe management of mass properties in the design and use of space vehicles. The docu-
ment was designed for three objectives:
a. To permit the organization of systematized, verifiable, and controllable
mass properties of vehicle systems,
b. To facilitate rapid establishment and reporting of inputs for the weight/
performance relationship.
c. To enable parametric extrapolation from reported systems to newly

evolving systems.

Included in this standard, in addition to the specific definition of the many terms fre-

quently used in discussion of mass properties and control are detail description and
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submittal frequencies for the type of mass property reports required throughout the
various program phases. Illustrated in Figure A-2 are the reports required from func-
tional studies through flight operations. The reporting formats to be utilized are

shown in Figures A-3 through A-11.

In addition, the standard provides a functional code system for a three-generation
breakdown of vehicle items according to their functional use. The objectives of the
functional code are:
a. To provide a basis for computing weight summaries.
b. To allow direct substantiation of weight summaries and analysis methods.
c. To provide a uniform basis for design weight comparison of vehicle
system,
d. To facilitate the preparation of weight summaries for complete vehicles,
in such a way that a given section, stage, or module summary may be
readily included in the summary of the total vehicle.

e. To provide identifiable vehicle coordinate location data,

The functional code, along with the nomenclature employed, are considered as the
basic functional breakdown of vehicle items. The code consists of first-generation
items, each of which is broken down into second-generationitems. The second-generation
items are further broken down into third-generation items, Thefirst 16 first-generation
codes include items which are essentially fixed in location and weight. The summary
of these items is the dry weight of the particular stage or module being considered.

The remaining first-generation code items include items which are variable either in
location or weight, The summary of these items in a given stage or module configura-
tion, as in flight sequence, is the variable weight and this weight when added to the dry
weight is the total weight of the particular stage or module for the particular configura-
tion. For example, this weight would be the total weight at lift-off, at a particular

point in time, or at separation.

The second document, Weight and Performance Data Submittal Requirements, es-

tablishes the minimum requirements for uniform weight and performance data sub-
mittals. These inputs are to be supplied by the appropriate NASA Centers to the office
of Manned Space Flight support of the Apollo Program Office Weight/Performance

Management System for the surveillance and assessment of the Apollo Program Status.

A-2




This document, from a data flow point of view, actually completes the data flow cycle,
The standard closed the data gap between the contractors and the NASA Centers, and
the Submittal Requirements closes the data gap between the NASA Centers and the
Office of Manned Space Flight,

The Weight and Performance Data Submittal Requirements document, like the

standard, includes, for each data submittal requirement, a detail description and sub-
mittal schedule for the type data to be reported and the formats to be utilized. Each of

these data submittal requirements is discussed below,

A.1.2,1 Weight and Associated Properties

These data are submitted monthly and include Weight Status, Change Analysis, and Se-

quence Mass Properties for each numbered launch vehicle and spacecraft combination,

Useable propellants reported are based upon the specific defined mission requirements
in accordance with the Office of Manned Space Flight Program Directive Apollo Flight

Mission Assignments. Control weights are in accordance with the ""Apollo Program

Specification and Specification Weight, !' and are the weights specified in the contrac~-

tor's statement of work or procurement specification,

For this segment of data, formats illustrated in Figures A-12 through A-18 are utilized.

The Current Weight Summary, Figures A-12, A-13, and A-14, summarize each re-

ported launch vehicle and spacecraft from the stage and module level to launch vehicle

capability and total spacecraft weight. The Current Weight Status Figure A-15, in-

cludes a weight breakdown to the functional system level for each launch vehicle stage
and total launch vehicle as reported on formats shown in Figures A-12 and A-13 and
for each spacecraft module and total spacecraft as reported on the format shown in
Figure A~14, Figure A-15 (Format 1D) also includes program maturity data in the
form of a percentage breakdown of current weight, This information is the percent of
estimated, calculated, and actual weights that comprise the current weight, Weight
changes that have taken place since the last report also are shown on the format for
Current Weight Status.

The Current Change Analysis and Pending Change Analysis, Figures A-16 and A-17

(Formats 2A and 2B) which are referenced in the last column of the Current Weight

Summary and Current Weight Status formats, require brief concise statements ex-

plaining the weight changes that have taken place since the last report.




Discussion concerning changes planned for incorporation at some future date, in the

various launch vehicle stages and spacecraft modules, are also included.

The Sequenced Mass. Property Data Figure A-18 (Format 3) includes weight, center

of gravity, inertia, and time of occurrence data, and provides a weight account linked
to space vehicle performance and to principal events throughout the flight profile. Each
discrete weight-loss event is listed and identified along with time of occurrence. All
weight is accounted for, Weight losses which occur over a period of time, such as full
thrust propellants are summarized. Propellants carried as part of full thrust pro-

pellants, but not given thrust credit in the performance calculation, are clearly identified.

A.1.2.2 Vehicle Performance Increase Shopping List

The Performance Increase Shopping List, Figure A-19 (Format 4) provides, on a

current basis, a list of selected items which, when initiated, will result in increased
vehicle performance. Following initial submittal, the list is updated and submitted to

the Office of Manned Space Flight as additional information becomes available.

A.1,2,3 Performance Analysis Data

These data are submitted monthly and include propulsion and velocity capability data for
each numbered launch vehicle and spacecraft combination, For this segment of data,
Figures A-20 and A-21 (Formats 5B and 5C) are utilized.

The Propulsion Summary, Figure A-20 (Format B) summarizes propulsion parameters

used in the determination of launch vehicle payload, as reported under segment A for

the Saturn IB and Saturn V launch vehicles. The Performance and Propulsion Summary,

Figure A-21 (Format 5C) summarizes both performance and propulsion parameters
used in the determination of Block I and Block II spacecraft propellant loading and gives

total weight as reported for the Apollo spacecraft.
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Control Weight (Pound)

Control
Point Item 201 202 203 204

Dry Weight

S-1B Propellant Tank Capacity
Separation Weight

S-IB/S-IVB Total Weight

Interstage
Dry Weight

S-IVB Propellant Tank Capacity
Separation Weight

Instrument .

Unit Total Weight
Launch -
Vehicle Payload Capability

Figure A-1. Form for Typical Control Weight Information
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Vehicle No, Date
Mission Type
Saturn IB
Current Weight Summary
Comments
Current and/or
an?:‘ﬁc:)l Item %?;tr}il Specification %‘;r.r%t;t Reference
o1 g Weight e1g to Change
Analysis
Dry Weight
Separation Weight
S-IB
Useable Propellant
Propellant Tank Capacity
S-IB/S-IVB | 1,0 Weight
Interstage
Dry Weight
S-IVB Separation Weight
Useable Propellant
Propellant Tank Capacity
Instrument .
Unit Total Weight
Launch Liftoff Weight
Vehicle Payload Capability *
*Includes pounds parking orbit loss.
A-16
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Vehicle No. Date
Mission Type
Saturn V
Current Weight Summary
e ——
Comments
Current and/or
ng:fl:;) L Item (\i,o:ltr}(l)tl Spe01flcat10n %;J:lr?:;t Reference
g Weight g to Change
Analysis
Dry Weight
Separation Weight
S-IC
Useable Propellant
Propellant Tank Capacity
S-IC/S-11 .
Interstage Total Weight
Dry Weight
Separation Weight
S-11
Useable Propellant
Propellant Tank Capacity
S-11/S-IVB X
Interstage Total Weight
Dry Weight
Separation Weight
S-IVB
Useable Propellant*
Propellant Tank Capacity
Instrument .
Unit Total Weight
Launch Liftoff Weight
Vehicle Payload Capability
*Includes pounds parking orbit loss,
**Guaranteed.
Figure A-13. A-17




Vehicle No. Date
Mission Type
Apollo Spacecraft
Current Weight Summary
Comments
Current and/or
C;g?isl Item (\3;;1:1‘&1 Specification %Lrirehrzt Reference
& Weight BN 1 to Change
Analysis
Command Total Weight (Including
Module Crew)
Dry Weight
Service Injected Inert Weight
Module Useable Propellant
Propellant Tank Capacity
LEM Ascent Dry Weight
Stage . .
(Exclude Injected Inert Weight
Crew) Usable Propellant
Propellant Tank Capacity
Dry Weight
LEM Descent Injected Inert Weight
Stage Useable Propellant
Propellant Tank Capacity
Adapter Total Weight
Launch Es-

cape System

Total Weight

Spacecraft

Liftoff Weight

Injected Inert Weight

Figure A-14,
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Performance Increase Shopping List
_—-

1, Index Number - An identification numbering sequence prefixed by NASA
Center initials, e,g., MSC-1, MSC-2, MSC-3, etc.

2. Description - Short title and concise description, Relate to control
point where possible,

3. Payload/Weight - Predicted payload increase, weight change, and/or

Change other vehicle property change.

4, Status - Provide dates, schedules, possible or actual vehicle
effectivity for the following categories of change: pro-
posed, approved - still pending, incorporated,

5, Cost Effect - Indicate the dollar value per pound of payload increase
with point of effectivity.

6. Influence on - Evaluate, insofar as possible, the predicted effect of

Reliability change on mission success, and/or other reliability
factors,

7. Schedule Impact - Indicate the schedule slippage, if any, due to imple-
mentation and indicate effectivity (vehicle number)
desired and expected,

8, Originator - Name, code, and initiation date,

9. Cognizant Office - Office code, location, and name.

and Responsible
Personnel
10, | Remarks - Explanatory notes, substantiation, and references,
Format 4

Figure A-19, A-23




A-24

Vehicle No,

Date
Mission Type
Saturn V
Propulsion Summary
Stage
Propulsion Data
s-IC S-11 S-IVB

Engine Model F-1 J-2 J-2
Engine Type RP-1/1L0OX LH,/LOX LH,/LOX
Thrust (Pounds)/Engine (Nominal) (Nominal) (Nominal)

Control Weight*

Current Performance**
Specific Impulse (Isp’ Sec.) (Nominal) (Nominal) (Nominal)

Control Weight*

Current Performance**

Oxidizer/Fuel Ratio

Control Weight*

Current Performance**

*Ag related to Control Weight value of Format 1B.

**As related to Current Weight.

Format 5B

Figure A-~20.




Vehicle No. Date
Mission Type

Spacecraft Performance and Propulsion Summary

Stage or Module

Propulsion Data
Service LEM Descent | LEM Ascent

Engine Model

Engine Type

Thrust (Pounds)/Engine (Nominal) (Nominal) (Nominal)

Control Weight*

Current Performance**

Specific Impulse (Isp’ Sec.) (Nominal) (Nominal) (Nominal)

Control Weight*

Current Performance**

Oxidizer/Fuel Ratio

Control Weight*

Current Performance**

Velocity Capability (Feet per second)***

Control Weight*

Current Performance**

*As related to Contrel Weight value of Format 1C.
**As related to Current Weight.
***To be completed in accordance with the discrete velocity increments (set forth in
the Apollo System Specification) used in computing the weights of Format 1C.

Format 5C

Figure A-21, A-25



APPENDIX B

PROBABLE ERROR RELATIONSHIP AND USE

B.1 SELECTION OF MODEL

In any forecasting process there is some degree of uncertainty associated with pre-
dicted numbers. This degree of uncertainty many result from errors in selecting an
ihadequate model or from the tolerance expected in measurement or the displacement
from the mean due to random changes up until ship date or a host of other reasons,
But the fact remains that forecast analysis is based on the production of the best avail-
able quantitative values. This in turn necessitates selection of a single, most-likely

weight at the specific date, and this is taken as the mean expected weight.

B.2 ESTABLISHING CONFIDENCE LIMIT LINES

For purposes of illustrating the range of the scatter of potential weights at ship date,
the upper and lower 95 percent confidence limit lines are calculated. In this instance,
the upper confidence limitis defined as a''one tailed'" limit below which, for alarge sample,
95 percent of the points would fall. That is, for a large sample, 5 percent of the data

could be expected to exceed the upper confidence limit value,

Confidence limit lines are readily presented in graphic form but difficult to visualize in
tabular form; hence, the term probable error is introduced as follows:
Probable error is the numerical difference between the upper

(95 percent) confidence limit and forecasted weight at the ship-
ping date.

Probable error is then tabulated adjacent to forecasted values in the detail result
tables so that the reader can readily grasp the magnitude of uncertainty of any fore-
casted value,

This then is the primary use of probable error — a ready index of the prediction accuracy.

B.3 VALUES OF PROBABLE ERROR

The values of probable error are obtained directly from the forecast and analysis of

the functional system. For stages and modules and for over-all spacecraft and launch

B-1



vehicles, the probable errors are then calculated using appropriate factors and a
simple root-sum-squared process. The resultant probable errors are only approxi-
mate, but sufficient to give an indication of expected range of the final weights about

the predicted weight.

B.4 SECONDARY USE OF PROBABLE ERRORS AND DERIVATION

A secondary use of probable errors is for assistance in forecasting launch vehicle
capability dispersion and space weight tolerance at ship date. In functional system
weight forecasted errors, there are numerous factors which contribute to these er-
rors. In a general sense, these kinds of errors can be classed into three categories:
a. Errors represented by a variation of reported weight about the "'true"
weight, which are in turn a function of estimation processes, calculation
accuracies, or actual measuring equipment precision. These errors can
be expressed as e in Figure B-1 with standard deviation, ¢
b. Variation of true weight about its '"true" expected growth line on a more or
less random pattern due to the myriad of random forces at work. This
variation, approximated by e with standard deviation OR’ is associated
with the random changes in weight being made right up until launch date.
¢. Error of the forecasted line, calculated from the limited available sample,
to exactly match the "'true' trend line. This error is expressed as e‘; in

Figure B-1 with standard deviation U;\v k

k

For initial mathematical approximations, all three of these errors are assumed to be
normally distributed with zero mean. Further, the first two kinds of error are in-

distinguishable and are represented here by

where O is the assumed standard deviation of the reported data bout the "true" but

unknown trend line, indicated as e in Figure B-1.

In the early maximum likelihood models, O is assumed to decrease in some relation
to program progress, as indicated by changes from estimated to calculated to actual
measurements. In the larger sense, these E/C/A values may be considered as a kind
of program maturity factor. The expected value of T is therefore assumed to de-
crease in some fashion, represented schematically in Figure B-2, and approaches a

final value as the discrete parts of the functional system move from estimated to

B-2




calculated to actual status, and as measurement ~ccuracies increase due to installa-

tion of better facilities.

Forecasted Trend Line
g
-~
-
-
-~
> —
se00 N [
r k A "True" Trend Line
NXHE T °r onknown
’ e ek l
~ | Pm §
1 — ’
2 _ I
ab -~
k] - , .
= - "Trud" Weighi (Unknown)
ileported Weights
Time Now

Time (t)

Figure B-1
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The behavior of OV/\\/k with time is dependent on the nature of
assumed. For the linear case, ov/\\rk increases rather linearly with time from current
to ship; for the nonlinear model, increases in a nonlinear fashion, as illustrated in

Figure B-2,

The total variation of the reported weight about the forecasted line is designated as

e with standard deviation Ty found by




Values of YN versus time

Values of ¢~

versus ,. k
time

5

Ship Time

Weight Standard Deviation

Time —

Figure B-2

The expected value of o, will therefore vary in a manner predetermined by the com-

T
bined variations of o) and ¢, with time, and can readily take a shape such as indicated

by any of the curves A, B, %, or D shown in Figure B-3. Curve A represents the
case where O) is decreasing slowly and ov’;k increasing rapidly; curve D is the oppo-
site extreme with rapid decrease in o and.slowrise in U\;V\k' Or, from the program
control viewpoint, curve A represents the case where the variations of weight about
the mean line are not expected to damp out significantly as the program matures while
the expected errors in duplicating the true growth line increase markedly with time

in the forecasting range. Curve D is just the opposite; program maturity effects are
expected to significantly minimize the range of the weight variation about the true
growth line, while accuracy remains high for prediction line matching the true growth

line. Curves B and C are intermediate situations,

The question naturally arises, '""What can be forecasted about the value of Op at the
time we reach ship date ?"" For this discussion, it is appropriate to express the varia-
tion in terms of the probable error (PE) at the ship date, the difference between the

upper confidence limit and the mean line, as

PEs = ClUTS

where C, is a factor varying from 1.645 for a large sample to 2, 132 for a sample of

only six observations, and o,, is the actual expected value of o at ship,

Tg




For a large sample (less than 10) a value of 2 is a reasonable approximation for C, and

the equation now reads

PE = 20 = 240 ® + o~ %
s TS ks wkS

It is significant to note that the probable error at ship date will decrease as the actual
time approaches the ship date due to decreases in both Uks and oﬁks. The decrease in
Gks can be predicted prior to ship and will correspond to expected decrease in weight
oscillations with expected changes from estimated to calculated to actual. Likewise,
ov";ks at ship date can be estimated from known accuracies of prediction in the current

observed range.

If the resultant probable error at ship, PES is excessively high, the over-all mission
could be needlessly jeopardized by the necessity of providing excessive launch capa-
bility to handle the large contingency factor. In any event, if ov’v‘ks is significantly
greater than o, , then it is possible that mass measurement accuracy requirements
are excessive S— a very expensive situation indeed., That is, if Uks is low, then
o must also be low which may not be reasonable in view of the large variation of
expected vehicle requirements as evidenced by a large ov’v‘k. Since T is related to
mass property measurement, and high accuracies of mass measurement (to minimize
cm) are very costly, then it may be valuable to consider if potential cost reductions

may be achieved by relaxing the requirements for T

| A
D
— B
C
i // /
C
o7
D
A
B
Current Ship Date
Date
time —
Figure B-3




APPENDIX C

MATH MODELS

C.1 LINEAR MAXIMUM LIKE LIHOOD

In this discussion it is assumed that the reported weight data, represented by the ran-
dom variable w, observed at time ti’ are generated in a linear fashion, Hence, the

assumed model is

w, = a + bt,
1 1

where a and b are unknown parameters to be estimated, It can be said then that this
model represents the expected value of the weight or

E{ﬂi} = w, = a+bt,

It is also assumed that the value of the random variable w, can be expressed as its
expected value plus an unobservable error which is a random variable with zero mean

and standard derivation 05 Thus,

w. = w, * e..

=i i =i
The observed weight w, is reported as a summation of three values. One of these re-
flects that portion whose weight is totally estimated, the second is that portion which
is calculated (from final design drawings) and the third is the portion which is actual

or manufactured so that it can be actually weighed. The weight is therefore expressi~

ble as
= + +
W, = Ejw * O AW
where
E.w. = fraction of w, which is estimated,
i— —i
C.w, = fraction of w. which is calculated,
i—i —i
A.w. = fraction of w, which is measured or actual.
i— —i



Each of the three coefficients Ei’ Ci’ and Ai is available for every observation, or
reported value of w,. The three components of w, can now be expressed as a mean

value plus an error, yielding
+
v + (ij + gEi) * (WCi gCi) * (WAi + EAi)

where the three component means are assumed derived from the mean value of w,

as follows:
wEi = E Wy
wCi = Ciwi
w A = Aiw1 .
Since Ei + Ci + A, = 1,0, it follows that
w, = wEi + wCl + wAi
& T &g, Y& T

Note that the term "error'" is used here in a very broad sense. Even if the total weight
could be measured exactly, without any error in the conventional sense, this weight
would not be expected to follow a straight line, Instead, the exact weight is consid-
ered a random phenomenon whose dispersion about some trend is caused by the inter-
action of many random causes. It is this dispersion or deviation which is referred to

as error,

The three errors are assumed to be normally and independently distributed with zero

mean and standard deviations Op.o Oc. and Op .o It then follows that the variance of
i i i

the error is expressible as

2 2 2 2

g, = g + O + o .
i E; Ci Aj

It is further assumed that the ratio of standard deviation to mean of the three random

weight components is constant, or specifically,

02
E;

w

E.
i

= 8




ag

Ci

—— = R s

WC. 1
1

UAi

r = RZS
A

i
The ratio s is an unknown parameter which will be estimated while the factors Rl and

Rz’ which define the relationship among the three ratios, must be specified. The

. .th .
variance of the i observation can now be expressed as

where mi?' is a weighting factor defined as

m? = w2[E2 + RZC? + R 2A.27]
1 1 1 1 1 2 1

This weighting factor is actually a constant but contains the unknown value of W, For
computational purposes one will need some estimate, say %i, of W, and use instead
of miz,

m? = w2[EZ + R2C2 + R2Az2
i i i 1 i 2 i

As a first estimate of W, the actual observed value can be used, i,e., vNVi =W, ora
least squares fit performed and points from the resulting function used, In the com-
puter program developed for this linear maximum likelihood technique the latter pro-

cedure is used. The resulting $i is further improved in an iterative fashion by the

maximum likelihood estimator for wi.

The final assumption is that the random variables w i and _vzj, where i # j, are inde-
pendent, This is perhaps the most limiting assumption, For example, a project man-
ager may decide to freeze the weight of some component for several months, the fact
that the weight stays constant during that time is then not attributable to randomness,

but is rather a result of strong dependence. The likelihood function is

2

w, - a - bt,
n _l<—1 1>
1 2 smi

L: —————————
.H sm. or




and the maximum of this function is

__1_<\_V_i 'E-Eti>
1 2 s

_— i
gmi var

2

max

=
i
i —

i=1

where a, b, s are maximum likelihood estimators of the unknown parameters a, b,
and s. Taking the partial derivatives of In L with respect to each of the three param-

eters and equating them to zero produces the following normal equations:

Solving the first two equations for a and b yields

CE - BF

I >
1l

where

2

i=1 ™y

n tl
B=X

2

iz1 ™




noot2
c = Z -
i=1 ™
D = AC - BZ
n
w'1
E = ==
) =
i=1 ™
n
F = K_‘ y—.—itl
[, my
i=1

It is interesting to note at this point that by setting m, = 1, which says that 0.% = s2,
a least squares fit is obtained. Although g and :1;_ are unbiased, i.e,, E(:) =a and
E(:l;_) = b, the estimator s as defined above is biased, Its unbiased form (see C.,1.2

to this section) is given by

ln >
1\
et
W[~"7s

C.1.1 PREDICTION AND PREDICTION INTERVAL

One of the benefits accruing from the maximum likelihood method is that one has
enough information to establish a confidence interval, called prediction interval, Let
(tk, w k) be pairs of future observations, which are to be predicted. The model holds

in analogy to the original model, namely

w = w. + e, ,
—=k k =k

If a, b, and s were known we could determinew =a +b tk and use s to assess the con-

fidence interval due to the error e K What is instead available are the estimators a,

A

b, and g The predicted value of W, is the estimator of w

= k
w, = a+bt

Note that
E{l".k} = E{ﬂk} = Wi



Since both a and b are linear combinations of the normally distributed random vari-

ables W &k is also normally distributed, hence

where ey isa normal error with zero mean. Let u, be the difference between the

th k
k™ observation and prediction

el\

B 7 Ex " ¥x T &k T Ey
k

It is seen that the error uy has two sources, One, € tells us that the observation

Wy will deviate from its expected value, while secondly our estimate of the expected

value contains the error _e_(,\Vk. These two errors and their relationship are illustrated

in Figure C-1. In this diagram, the true trend line is provided by

E{Ei} = W

The error u, is again normal with parameters

E{u, } = o

2
ouk = var (gk) = var (gk) + var (gwk)

The last equation follows from the stipulated independence of observations, The vari-

ance ofgk is simply

var{gk} = 0 = s -+ m

In place of m, © we use its estimate

k

2 _ 02 2 2~ 2 22>
m?*= = w, [Ek +Rl Ck +R‘2 AkJ

The variance of e~  is obtained from the earlier expression for &k
k

cov{a, b}

var @Gvk) = var{al + t~° var{g} +oot
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This equation contains the covariance of a and b which implies thaté and b are depen-

dent. There is a simpler way to find var (E\;v\ ).
k

Going back to the normal equations solution it is seen that w, can be expressed as a

function of the random variables E and F,

K q E+ g E

li

~
w

where
C-Btk
% = D
Atk—B
Bk = —p -

This leads to

var {e”~ } = zvar{§}+32var Fl + 2o B, cov {E, F}
Wl T % ¢ var {E} + 20, cov {E E

Since both E and F consist of a sum of independent normal random variables, we can

write down directly,

noo_2 n
A 3 2 1 2
1 = L = 7 =
var {E ] 24 — s ) — s A
i=1"1 i=1 "1
: t12 2 2 : t12 2
1 = y = =
var { F | /) m‘}cri S >j g s°C
i=1"1 i=1 "1




The equation for w Kk is simplified by the fact that, due to independence,

Blw,wib = Blw;} - E{w}, 14

and there results

2
n tie ] n.oo,
cov{E, F} = E W, - | E — w,
= 2 [ omt A 2 i
i=1"71 i=1 "1
.
= i 2 _ 2
=/ m40i sB
i=1"i

So now the expression for var {gw } becomes
k
2| 2 2
var {gwk} = s [ak A+ p C+ 2akBkB]

or by substitution for o and By

-
~ = 5_ 2 _
var {gwk} 5 [Atk 2Bt + C}

It is now clear that

var {;} = SZ%
~ 2 A
var {b} = s 5
cov{a, b} = -s" 3
and
At % - 2Bt + C
= &(m? + k t'k
var {u, b= s (my D |

If s were known the prediction interval could be readily established since u, is nor-

mally distributed. For example, for a 95 percent interval on w, one would use

+b, x 1.960

|0 >

k



A
With s available instead of s, this may still be used if the sample is large enough, say

n> 30. For small samples the random variable

%

t_ =
~2
5
\/ 2
s
has the Student T distribution with n - 2 degrees of freedom, g being the unbiased esti-
k

mator for s. From this follows the small sample distribution of u

S ~
LN t—Uuk_s- =t guk
where
1
2 2
- =g<m2+Atk-2Btk+c>
- k D

el

The confidence interval containing (i - €) of all possible outcomes of w is then

a+by £t guk
in the case of a sample with n = 10, and a 95 percent interval, the value of tE/2 is

2,306 as compared to 1. 96 used earlier.

C.1.2 APPENDIX
It was seen in the preceding discussion that the maximum-likelihood estimator s of

the parameter s is
~ A =)
a - bt
4 1)
i

n W
Ao 1 j <—i
S - —
n . m

i=1

C-10




This estimator is to be tested for bias, which means that its expected value has to be
found.

e - e{d Y (Z)

E{s°}

2
(W, - w) -~ (w. - w)
E{% Z i 1m. i 1:|

For the last term the following earlier results are used:

2
~ ~ s 2
var {w} = var {gwi} = 3<Ati - 2Bt + C>

and

2
O s 2 2
Y n A —_
var{wi} = 7 “ac - 2B + AC) = 2s

[

n
)
i=1
The middle term in the E{gz} expression is treated as follows:

A A 2
cov {ﬂiv !V.i} = E{.‘Ei _V!.i} - Wi

Next,

C-11



Now, using E{Ei . :\vy_]} = Ww for (i #j)

~ Q * Biti 2 2 2
Bw, - w;} = ———— Ele} - ow) v
m,
1
and
— . 2
cov {w, w;} = @+ ft) — = @+ gitys
m,
1
Further
n n 2
o " AL C By Ay -BY _ac -8 +ac - B,
2 2 2 2
L om &, mF@c - B AC - B

Combining this with the expressions for E{s~} and

2 4s ng_n—zsz

From this follows that the unbiased estimator of s should be

~ n w.—g-gt.
s2 - 1 7 —i - =i
- n -2 / m,

i=1

2

C.1.3 SAMPLE CALCULATIONS

An understanding of the computational mechanics involved in exercising this model can
be best obtained by examining a step-by-step numerical example, The following ma-
terial results from a calculation using the appropriate expressions from the above
discussion, The computer program was applied to the same set of input data and the
agreement between final results was very good. The computer output is included at

the end of the computations (see Figures C~2 and C-3).
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The original data is as follows:

Date tl Ei
8/63 1 86405
9/63 2 87916
10/63 3 -
11/63 4 86648
12/63 5 -
1/64 6 -
2/64 7 86992
3/64 8 86542
4/64 9 -
5/64 10 88056
6/64 11 88460
7/64 12 88791

For the least squares estimators, 29 and Eﬁs’

. CE - BE
s T T D
N AF - BE
s D
where

jos]
1}
M =

A,
i

0.02
0.02
0.02
0.02
0.02

30

Case No.

0.90
0.90

0.91

0.90

0.90

0.90

0.90
0.92

0.10
0.10

0.08

0.08

0.08

0.08

0.08
0.06

w

® 3 &
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A
N

These equations give the maximum likelihood estimators, § and E)_ By setting the

m, = 1, the least squares estimators are obtained.

. 4 4 w; Wity

1 1 1 86401 86401
2 2 4 87916 175832
3 4 16 86648 346592
4 7 49 86992 608944
5 8 64 86542 692336
6 10 100 88056 880560
7 11 121 88460 973060
8 12 144 88791 1065492
= 55 499 699806 4829217

8
B = » t =55
i=1
3
2
c = 2 ot = 499
i=1
D = AC - B® = 8(499) - (55)°
= 3992 - 3025 = 967
8
E = ) w = 699806




F - wot = 4829217
i=1
~ _CE - BE 400(699806) - 55(4829217) _ 349203194 - 265606935
2ps ~ D 967 967
83596259 _
= 235200 86449079
~ AL - B 84820217) - 55(699806)  _ 38633736 - 38489330
by = D = 967 967
144406
- = = 149.334
For the least squares curve fit,
W= oap byt
! b byt 20s*R sty Yi
1 1 149.334  86598.413 86598
2 2 298.668  86747.747 86748
3 4 597.336  87046.415 87046
4 7 1045.338  87494.417 87494
5 8 1194.672  87643.751 87644
6 10 1493.340  87942.419 87942
7 11 1642.674  88091.753 88092
8 12 1792.008  88241.087 88241
9 13 1941.342  88390.421 88390
For the first estimate of m,,
~2 22 2,2 2,2
%2 = w%e® +R%C° +R7AD) .
R = 25,R° = 625
1 1
B = 50,R° = 2500
2 2
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=3

W ~J O U WD
SO0 OO OO

[ ST R .

M 0 3 & O

.01

.02
.02
.02
.02

86598.
86747.
87046.

87494
87643
87942

88091.
88241.

.0001
.0004
.0004
.0004
.0004
.0004

SO O0OOOCO OO

.751 176
.419 17
753 77
087 77

413 74.
747 75.
415 75.
.417 76.
.814271 x 10°  522.2504
.338691 x 10° 522.2504
.601569 x 10° 522.2504
.864894 x 10° 538.0004

COOCOOOOCCO

.90
.90
.91
.90
.90
.90
. 90
.92

2

w.

1

SO0 OO OO

c® R °c*?
i 101
.8100  506.2500
.8100  506.2500
.8281  517.5625
.8100  506.2500
.8100  506.2500
.8100  506.2500
.8100  506.2500
.8464  529.0000
EZ+R°CP
1 11
2 2
+R A,
21

992851 x 10° 531.2500
751716 x 10° 531, 2500
770784 x 10° 533.5626
552730 x 10° 522.2504

398.
399.

404

399.
401.
403.
405.
418.

0.10
010
0.08
0.08
0.08
0.08
0.08
0.06

2
m.
1

C OO OCOOOO

.01

.01

.0064
.0064
.0064
.0064
.0064
. 0036

39952 x 10*°  25.
77474 x 10°°  25.

.28457 x 101° 24,
79694 x 10°° 25

16284 x 10*° 24,
90162 x 10°° 24,
27450 x 10°°  24.
91344 x 10°°  23.

198.

25.
25.
16.
16.
16.
16.
16.
.00

2 2
R “c
1

00

00
00
00
00
00

1/mi9

EZ+ A2
1 11

+RZAZ
2 1

531.2500
531.2500
533.5626
522.2504
522.2504
522.2504
522.2504
538.0004

100432 x 10 **
014087 x 107+
735052 x 10 ¢

.012698 x 10 **

927533 x 10 **
758504 x 10+ *
674634 x 10 %
871280 x 10 %
094220 x 10 **

Further iterations of m, using values ofWi obtained from the maximum likelihood

cstimators were not made in the hand calculations.

For the maximum likelihood estimators, a.y and —bmﬂ’

a

C-16
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where:

atd M-I N

Moo a3 U

o]

|

=

O =3 v B

10

12

w.t.

(ti/miz) x 10** t.

11

86401
175832
346592
608944
692336
880560
973060

1065492

25.100432
50.028174
98.940208
175.088886
199.420264
247.585040
271.420974
286.455360
1354.039338

2 14
(tiwi/mi ) x 10

1NN
FRVAV]

121
144

2168702.4
4398276.9
8572971.1

15231332.4
17258228.5
21801348.3
24009899.4
25434657.9

118875416.9

(tia/mf) x 10%*

25.100432
100.056348
395.760832

1225.622202
1595.362112
2475.850400
2985.630714
3437.464320

12240.847360

(gi/mf) x 10**

2168702.
2199138,
2143242,
2175904.
2157278.
2180134.
2182718,
2119554.8
17326674.6

= 00 OOy o Ul W
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8
A= Y L - 198.00422x107"

i-1 i
8 4
i -14
B = ) = = 1354.0393x10
i=1 i
8 2
i ~14
C = Y =5 = 12240.847x 10
. m,
i=1 i
- - - 2
D = AC - B® = (198.09422 x 107 %) (12240. 847 x 10™>%)- (1354.0393 x 10 %)

= (2424841.1 x 107°°) - (1833422.5 x 10725

= 591418.6 x 10™=°

17326674.5 x 10 **

1]
il
1 [\/] ¢’}
e
I

118875416.9 x 10+

o

it
V)

-

)V ] (™

il

e T D

(12240.847 x 10" %)(17326674.5 x 10 %) - (1354.0393 x 10" %) (118875416.9 x 10™*%)
591418.6 x 10 =8

2.120931716 x 10 -7 - 1.609619863 x 10”7
5.914186 x 10~ =2

. -17
. 0.511311833 x 10 = 86455.153

5.914186 x 10723
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AF - BE
D

(198.09422 x 101%)(118875416.9 x 10°"*) - (1354.0393 x 10 1%)(17326674.5 x 10™2%)
591418.6 x 10" =8

2.354853299 x 10 18 - 2.34609982 x 10”8
5.914186 x 10 =°

-21
_ 8.753479x 10 = 148.008

5.914186 x 10 =>

For the maximum likelihood curve fit,

Wi T B p-ml&ti
i 4 bt BmePmgl Vi
1 1 148.008 86603.161 88603
2 2 296.016 86751.169 86751
3 4 592.032 87047.105 87047
4 7 1036.056 87491.209 87491
5 8 1184.064 87639.217 87639
6 10 1480.080 87935, 233 87935
7 11 1628.088 88083.241 88083
8 12 1776.096 88231.249 88231
9 13 1924.104 88379, 257 88379

For the unbiased maximum likelihood estimator, s,

o 2
/W. - a a - b
k__l -m & —

m,
1

i x’?ti>
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[E=N YOI S

(3]

o -3 O

ln >
o

{n >

N
s

86401
87916
86648
86992
86542
88056
88460
88791

M 00 3 O U s W N

I >

lo>

86603.
86751.
87047.
87491.
87639.
87935.
88083.
88231.

1/nH

161
169
185
209
217
233
241
249

2

25.100432 x 10+
25.014087 x 10 **
24, 735052 x 107+
25.012698 x 10 °
24,927533 x 10**
24.758504 x 107 **
24.674634 x 10 **
23.871280 x 10 %

14.415581 x 107

3.7967856 x 10"

For the error in the observed value, Sl .

C-20

2
Sl = var{e

=k

J

-202.
1164.
~-399.
-499.
-1097.
120.
376.
559.

161
831
185
209
217
767
759
751

~ A >

4.08690699 x 10*
1.35683126 x 10°
1.59348664 x 10°
2.49209626 x 10°
1.20388515 x 10°
1.45846683 x 10*
1.41947344 x 10°
3.13321182 x 10°

Qﬁi'.ﬂ"htﬂ /nH

1.0258313 x 10”8
33.9398952 x 10~
3.9414975 x 10" 8
6.2334051 x 108

8

30.0098868 x 10™°

0.3610946 x 10°°
3.5024988 x 10™ 2
7.4793777 x 10°°

86.4934870 x 10™°




A Vel
Using s for s and m, for m,, where

"

~ 2 2 242 2, 2
pun (Ek +R1Ck +R2Ak)

2]
|

~ A 1
L - s ‘Ek(Ekz +R12Ck2 + R22Ak2)2

D=

A A~ 1
i ( )x 1072 )2x 107" wox 107% w( )x 107 S, X 10°°
1 5.312500 2.3048861 8.6603161 1.9961042 7.85787797
2 5.312500 2.3048861 8.6751169 1.9995156 7.5917320
3 5.335626 2.3008974 8.7047185 2.0107007 7.6341995
4 5.222504 2,2852799 8.7491209 1.9994190 7.5913653
5 5.222504 2.2852799 8.7639217 2.0028014 7.6042075
6 5.222504 2.2852799 8.7935233 2.0095662 7.6298920
7 5.222504 2.2852799 8.8083241 2.0129486 7.6427343
8 5.380004 2.3194836 8.8231249 2.0465094 7.7701574

For the error in the predicted value, s

82 = var{ez\;\k} T (A.tk2 ~ 2Btk + C)

where:
n
1
A = Z 2
k=1 Mk
n +
“k
B = Z 2
k=1 Mk
n 2
t
k
Cc = Z 2
k=1 "k
D = AC - B?

-]
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A = 1.9809422 x 10 *Z

B = 13.540393 x 10 %2

C = 122.40847 x 10 *Z

D = 59.141860 x 10 =*

2B = 27.080786 x 10 *%

x1012 x 1012
2
i ty 2B (:) x (:) t
1 1 27.080786 27.080786 1
2 2 27.080786 54,161572 4
3 4 27.080786 108.323144 16
4 7 27.080786 189. 565502 49
5 8 27.080786 216.646288 64
6 10 27.080786 270.807860 100
7 11 27.080786 297.888646 121
8 12 27.080786 324, 969432 144
x 10+ x 10%% x 10%*
i c ©®©O-G D
1 122, 40847 97.3086262 59.141860
2 122, 40847 76.1706668 59.141860
3 122, 40847 45.7804012 59.141860
4 122. 40847 29. 9091358 59.141860
5 122, 40847 32.5424828 59.141860
6 122. 40847 49. 6948300 59.141860
7 122, 40847 64.2138302 59.141860
8 122. 40847 82.6947148 59.141860
X 104 X 10_2

0@
1 3.7967856 4.8701714
2 3.7967856 4.3088608
3 3.7967856 3.3404762
4 3.7967856 2.7000227
5 3.7967856 2.8163774
6 3.7967856 3. 4803356
7 3.7967856 3. 9562141
8 3.7967856 4. 4895661
C-22

®

x 1012

A

. 9809422
. 9809422
. 9809422
. 9809422
. 9809422
. 9809422
. 9809422
. 9809422

x 1072

= p e e e e b b

®=+0©

HHOOO O M

.645342676
.287931539
. 774077805
. 505718551
. 550244493
. 840264915
. 085759396
. 398243389

©

x 1012
OM©

1.9809422
7.9237688
31.6950752
97.0661678
126,7803008
198.0942200
239.6940062
285.2556768

X 10—6

()7

1.2827091
1.13487071
.87981692
.7111389
. 7417847
. 9166597
.0419978
.1824734

=0 000




Thus the two errors, S, and s, are

i s ]

2 1

1 487.0 757.9
2 430.9 759.2
3 334.0 763.4
4 270.0 759.1
5 281.6 760.4
6 348.0 763.0
7 395.6 764.3
8 449.0 777.0

For the 95-percent confidence interval,

2 — —
Tk var{gk} = var{gk} + var{gw}

where o is the error between the ki observation and the prediction, Then,

~

2 2 2
= +
guk Sl Sz
~ > 21
o = +
k (sl s2 )
and
Confidence Interval = a + bt

k * te/o%uk
and for a 95-percent interval with sample sizen = 8,

t = 2.447
€/2
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®

®

®

®

©)

x107% x 107" x 1072 x107* x 10"
i s s ® s s 2 s 24+5°?
1 1 2 2 1 2
1 7.5787797 57.437902 4,.8701714 23.718569 81.156471
2 7.5917320 57.634395 4.3088608 18.566281 76.200676
3 7.6341995 58.281002 3.3404762 11.158781 69.439783
4 7.5913653 57.628827 2.7000227 7.290123 64. 918950
5 7.6042075 57.823972 2.8163774 7.931982 65.755954
6 7.6298920 58.215252 3.4803356 12.112736 70.327988
7 7.6427343 58.411388 3.9562141 15.651630 74.063018
8 7.7701574 60.375346 4,4895661 20.156204 80.531550
X 10—2
i Ik te /2% uk a+hbt, -95% C.1. +95% C. 1.
1 9.0086886 2204.426 86603.161 84398.735 88807.587
2 8.7292999 2136.060 86751.169 84615.109 88887.229
3 8.3330536 2039.098 87047.185 85008.087 89086.283
4 8.0572297 1971.604 87491.209 85519.605 89462.813
5 8.1090045 1984.273 87639, 217 85654. 944 89623.490
6 8.3861784 2052.098 87935.233 85883.135 89987.331
7 8.6059873 2105.885 88083.241 85977. 356 90189.126
8 8.9739373 2195, 922 88231.249 86035. 327 90427.171

C.2 THE EXPONENTIAL MODEL

The data used to quantize the model consist of n observations of the random variable
W made at times ti. The expected value of w,, or the assumed process model, is
given by the following exponential function of time,

-ct,

E{‘Li} = w, = a - be

Two methods have been used to evaluate the parameters a, b, and ¢. In one, the
classic, direct application of maximum likelihood estimation results in four normal
equations, three of which are coupled and non-linear. Solution of this trio is accom-
plished by an iterative numerical procedure. Experience has shown, however, that
this iterative process often fails to converge, in which event the model cannot be used.
The second method, designed to overcome this problem, results in three, linear, nor-
mal equations, two of which are coupled. The linearity is achieved by assigning values
to ¢ (the parameter producing the non-linear terms in the first method) from within a
known interval. This allows a straightforward solution for a and b evaluation of the

likelihood function. This is repeated for other values of ¢ within the interval and the
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RESTO 28 4 1963 25, 50. 27
CONSTANT MISSION SPACECRAFT WEIGHT
PROGRAM 791—PHASE B LINEAR TREND PREDICTION CASE NO. 30

TIME * OBSERVED *x* PER CENT *k S1 S2
IN *  WEIGHT  ** -——— ¥ -— K _——— kX

MONTHS * (LBS.) **  EST. * CALC * ACT. ** (LBS.) (LBS,)
kokok sk skok ok ok ook Sk ok ok ko o KoK sk s o o sk ok oK oK ok KoK ok KoK Kk K ek KK ki sk ko ok ok ok sk s sk sk sk okakok Sk sk ok sk ok ok ok ok ok ok ok ok ok
AUG'"w3 * 86401 *x 10 * 90 * 0 ** 757.9 * 1281.5
SEP'63 * 87916 ** 10 * 90 * 0 ** 759,2 % 1097.8
OCT'63 * *ok * * *k *
NOV'63 * 86648 *k 8 * 91 * 1 *k 763.5 * 734,6
DEC'63 * *k * * *% *
JAN'64  * *k * * *k *
FEB'64 * 86992 *x 8 * 90 * 2 * % 769.2 * 250, 7
MAR'64 * 86542 *k 8 * 90 * 2 *% 760,5 * 207.5
APR'%64 * *ok * * gk *
MAY'64 * 88056 *x 8 * 90 * 2 ** 763.0 * 460,5
JUN'64  * 88460 *k 8 * 90 * 2 *k 764.3 * 633.1
JUL'64  * 88791 ** 6 * 92 * 2 *k 777.1 * 811, 9
BEGIN EXTRAPOLATION ., . . . . . v v v v v v v v u . e ..
AUG'64 * *k 6 * 89 * 5 *k 750.6 * 993.5
SEP'64 ¥ *k 6 * 85 * 9 ** 724.0 * 1176, 7
oCT'64 * *x 5 * 82 * 12 *k 697,3 * 1360, 7
NOV'%64  * ** 5 * 79 * 16 ** 670,5 * 1545.4
DEC'64 * *k 5 * 76 * 19 *k 643.7 * 1730.4
JAN''6S5  * *k 5 * 72 * 23 *k 616,7 * 1915, 7
FEB'65 * *o* 4 * 69 * 26 *% 589.7 * 2101.2
MAR'65 * *k 4 * 66 * 30 ** 562.6 * 2286,9
APR'"65 * *% 4 * 62 * 33 * % 535.,4 * 2472, 7
MAY''65 * *k 4 * 59 * 37 ** 508,1 * 2658,6
JUN'65 * *k 4 * 56 * 40 % 480,7 * 2844,5
JUL'65 * ** 3 * 53 * 44 *% 453,2 * 3030.5
AUG'65 * *% 3 * 49 * 47 *% 425.7 * 3216.6
SEP'65 * *k 3 * 46 * 51 Kk 398.0 * 3402, 7
OCT'65 * *k 3 * 43 * 54 *k 370.3 * 3588, 9
NOV'e5 * ok 3 * 39 * 58 *% 342.5 * 3775.1
DEC'65 * *% 2 * 36 * 61 *x 314.7 ¥ 3961.3
JAN'66  * kK 2 * 33 % 65 *x 286,8 * 4147.6
FEB'66 * * % 2 * 30 * 68 % 258.8 * 4333.8
MAR'66 * *% 2 * 26 * 72 *k 230,8 * 4520,1
APR'66 * *% 2 * 23 * 75 kK 202.8 * 4706,4
MAY'66 * *% 1 * 20 * 79 *k 174.8 * 4892, 7
JUN'66 * ** 1 * 16 * 82 *k 146.,9  * 5079.0
JUL'66 * *X 1 * 13 * 86 ks 119.3 * 5265, 3
AUG'66 - * ** 1 * 10 * 89 ** 92,2 * 5451, 7
SEP'66 * *% 0 * 7 * 93 *k 66.4 * 5638.0
OCT'66 * *ok 0 * 3 * 96 *k 44,5 * 5824 .4
NOV'66 * ** 0 * 0 * 100 *k 35,1 * 6010, 8

Figure C-2. Sample Computer Printout Spacecraft Weight
(Sheet 1 of 2)
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DATE 10/26/64

*okkok PREDICTED WEIGHT IN POUNDS

*dokok LEAST ** = = = = = = = - - MAXIMUM LIKELIHOOD - - - - - - -
*kk K SQUARES ** -95 P,C. CONF, * MEAN *+95P,C. CONF,
ok ok Kok ok ok s sk ko ki ook Kok sk ok ko ok ok sk o o ook sokeok ok okt ok sk skeok sk k ki sk ek ok s s sk sk sl ok ok ek ok ok ok
Fokokok 86598 ** 82960 * 86603 * 90246
Hokkk 86748  ** 83485 * 86751 * 90017
Fokokok *ok * *

ARk 87046  ** 84454  * 87047 * 89640
*okokk *k * *

Fokkok *k * *

Hokokk 87494  ** 85535  * 87491 * 89448
*kkk 87644  ** 85710 * 87639 * 89568
*kokok *ok * *

* ok k 87942 *x 85754 * 87935 * 90116
*odkokk 88092 *k 85654 * 88083 * 90512
*okk K 88241 ** 85481 * 88231 * 90981
* kK k 88390 *x 85332 * 88379 * 91426
*k kK 88540 x>k 85146 * 88527 * 91908
*okk ok 88689  ** 84934 * 88675 * 92417
*kkk 88838  ** 84701 * 88823 * 92945
*kkk 88988  ** 84453 * 88971 * 93489
*kkk 89137  ** 84195 * 89119 * 94044
KKKk 89286  ** 83927 * 89267 * 94607
* kK 89435 « ** 83652 * 89415 * 95178
*ok kK 89585 *% 83372 * 89563 * 95754
*kkok 89734 *% 83088 * 89711 * 96334
*okokk 89883 *k 82800 * 89859 * 96918
Fokokok 90033  ** 82509 * 90007 * 97505
Fokokok 90182 * % 82215 * 90155 * 98095
Hkokok 90331 *k 81920 * 90303 * 98686
*AkK 90481  ** 81623 * 90451 * 99280
*kokok 90630  ** 81324 * 90599 * 99875
*dkok 90779 * % 81023 * 90747 * 100471
Hokokok 90929  ** 80722 * 90895 * 101069
*kkok 91078 *% 80420 * 91043 * 101667
*kkok 91227 ** 80116 * 91191 * 102266
*kkK 91377  *x* 79812 * 91339 * 102866
Kk 91526  ** 79507 * 91487 * 103467
* k%K 91675 *% 79202 * 91635 * 104069
*kkoK 91825 *% 78896 * 91783 * 104671
* KAk 91974 *% 78589 * 91931 * 105273
*okok Kk 92123  *x* 78282 * 92079 * 105877
* %k Kk 92273 ** 77975 * 92227 * 106480
*okokk 92422  ** 77667 * 92375 * 107084

Figure C-2. Sample Computer Printout Spacecraft Weight
(Sheet 2 of 2)
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search is directed always toward the ¢ value providing higher values of the likelihood
function. When the maximum value of this function is thus determined, the correspond-
ing values of a, b, and ¢ are, by definition, the maximum likelihood estimators and

the model is then quantized. It should also be noted that the second method leads di-
rectly to a means of determining confidence intervals, whereas the first method would

require the use of Monte Carlo methods or linear approximations.

As both of these methods have been programmed and used (the second is used exclu-
sively at this time) the following discussion includes the details of both. The first

portion is identical in both cases.

It has been assumed that the following relationship holds:
i i =

where [ is an unobserved normal error having zero mean and standard deviation o,

The observed weight consists of three parts, namely

Wi o= Ejw, ot Gwy A
with
E,w, = fraction of W, which is Estimated.
Ciw, = fraction of w, which is Calculated.
Ai-‘li = fraction of W, which is Actual or manufactured.

The coefficients Ei’ Ci’ and Ai are available for every observation. Each of the three

parts is now broken into its mean plus an error,

Wi = (g T Eg) tWo teg) Wy te,)
1 1 1 1 1 1

with the assumption

Vg = B,

€
[

c. = Ci%

£
N

I
1
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It follows that,

The term "error' should be understood in a very broad sense. Even if the total weight
would be measured exactly, without any error in the conventional sense, this weight

would still not be expected to follow the exponential function.

Instead, view the exact weight as being a random phenomenon, the deviation of which
from some trend is caused by the interaction of many random causes. It is this devia-

tion which is the "error' of interest here.

The three component errors are assumed to be normally and independently distributed

with zero mean and standard deviations o o., and o A fundamental result of

Ei’ Ci Ai'
statistics then states that
012 — 0_E2 + O_CZ + 0A2

It is further assumed that the ratio of standard deviation to mean of the three random

weights is constant, specifically

The ratio s is an unknown parameter which will be estimated, while the factors R1 and

R, must be specified.
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The variance of the ith observation now obtains as

where miz is a weighting factor
m-Z - W.2 I:E-Z + R 20.2 + R 2A_2]
1 1 1 1 1 2 1

The weighting factor is actually a constant, but contains the unknown value of Wi For

. . s ~ . 2
computational purposes one will need some estimates W of Wos and use instead of m,

~ ~ 2 2 2,2 2.2
mZ = w°/E® + R°C® + R_°C.
1 1 1 1 1 2 1

As a first estimate of W, one can use the actual observation, i.e., w, =w,, or else
points from a linear curve fit. The latter procedure is used in the computer program

developed for this model.

The final assumption is that the random variables w. and _V\_/j, where i # j, are inde-
pendent. This is perhaps the most limiting assumption. For example, a project mana-
ger may decide to freeze the weight of some component for several months. The fact
that the weight stays constant during that time is then not attributable to randomness,

but is rather a result of strong dependence,

The likelihood function is

-
Il
[y

It is at this point that the treatment diverges as described earlier. In the first case,

AN A

a, b, ¢, and g are to be estimated, while in the second, values are assigned to ¢ and a,

b and s only are estimated.




C.2.1 METHOD I

It is required that the maximum likelihood estimators a, b, ¢, and g be found which

yield the maximum value of the likelihood function, i.e.,

A
. -a+
1<E1 a
n -1

2 sSm,
1 e -1
max . sm.var
i=1 i

lo*>
o
|
Ie)
-
\_/

Taking the partial derivatives of the natural logarithm of L

-ct.
w. - a+ be ! n
1 - =In27 - nlns -
sm, 2

1 ! i

In m,

1
In L = -3 i
1

it >~"]s

with respect to the four parameters and equating them to zero produces the following

normal equations

n w ‘2*96—1
) = - o
m2
i=1 i
~ ~ —Et A
n - a + be 1<—ct>
—i = = =i
e = 0
e
i=1 i
n A A 'Etl A
W, -atbe ~ =Ct
Z L -t.be = 0
m2 1=
i=1 i

Of these four equations, the last one is seen to be independent, while the first three
are simultaneous equations. Since they are nonlinear, there exists no closed form
solution. The computer program resorts to an iterative solution, the derivation of

~

which is given in the following section. One starts out with an initial estimate a, 91’
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and 21 of the three parameters a, b, and c. The iterative scheme provides correc-

tions of the previous estimate. Thus, after the jth iteration,

— -

~ -/\ -1 —/\
2j+1 2 .""_Y.JT
b. =[5, 1+|5.
=it =] E;
c. C. .
BT

AN

where the corrections ¢, g8, and y are determined by

o n o -c.t n p ji n
;j 1 2‘ e ’2‘ Z bjye Z L
= . 2 2
i=1 My i=1 My i1 My i=1 ™y
-~ -2g 4, -2gt
e % e Y 2 e Zgjtl & bte I % w.o-y e
Byl = = = y i ) i i
-, m ) m. - m % -

The weighting factor mij2 (i.e., m? for the ith data point and the jth iteration) is in

agreement with the mi2 equation given earlier.

A 2
-c .t.

e ) 1} [E.Z + R°C° + R 2A.2j|

j i 1 i 2 i

8
\V}

i
|
® >

1
o>

The iterative process is terminated when o, B, and y have become small enough to be

insignificant.

A ~ ~
After a, b, and c have thus been determined, the unbiased estimator of s is computed.

—ct,

<-V-V-i‘§+§e -
- /

lw >
0
=1
[ Ll
w
n>~"=
=
.
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C.2.1.1 Numerical Solution of Nonlinear Normal Equations

Two methods are explored for the solution of the nonlinear normal equations. The
first method is described on pages 478-480 of Reference while the second method

is Newton's method, to be found on pages 204-205 of the same reference.

The first method was found superior for the model at hand. It converged on the aver-
age after 10 iterations while the second method always took longer, usually at least
twice as long. In some cases it did not converge at all where the first method had
converged. The first method is therefore the one now being used in the program.

These two methods are described in a general form in the following paragraphs.

Consider the problem of representing the mean of a stochastic process w(t) by some

function g(t) containing k unknown parameters 01 to Gk, namely

E{w®)} = gt;0, ..., 0)

Estimation of these parameters is to he made from the observation (Ei,ti) i=1,...,n.

Both the least-squares and the maximum-likelihood methods then lead to the condition

n 2
2 [El - g(ti’619"°,6k):l .
= min
M
i=1
or more generally
n
2 —

/. (“Ei’tl ; 0., , Gk)} = min
i=1 =

The realization of this condition occurs when 61 to Qk assume simultaneously the

~

values of the values of the estimators 51 to Ok which are determined from the k simul-

taneous equations.

n

. ~ A . 8_ . A ~
; f<11,ti, 0, -, 0k> =5 f<ﬂi,ti SOy cees 0
i=1 !

-
N’
i
o




When the function f is linear in the parameters 91 to Gk’ then solution of this equation
in closed form is straightforward. We are concerned now with cases where { is not
linear in at least one of the coefficients 61 to Gk.
C.2.1.2 First Method

This method involves a linearization of the function f in the form of a truncated Taylor

series. Let us write

f<_\y_i,ti S8, e ek> = 1(9)

where 6 is the vector of estimators, i.e.,

The linearization is

k
1+ 5) = f(d) + Z Eﬂ'%%—l
=1 ¢

Now introduce the new function into the objective function

n
— - 2
y [f.(e + 6)1 = min
- [ 1 =
i=1
and consider the value of ]9} fixed while that of 6 is to be determined from this

condition. It follows that

n

Xf.(§+5)--——a f(6 +6) = 0
‘ i 8%
i=1



which after substitution of the linearization becomes explicitly

1]
o

1 [ _ . 9f(B) ~ 0L(B)7 o(9)
; f(6) + 6 + ... + 6 :I
i ST k "6, 36,

4

i=1

Let b_j be the estimator before the jth iteration. The jth iteration yields an improve-

ment such that

0. = 6. + 5,
it j j

where

-1
- [arst [brm}

| Ok |

and, from a solution of the normal equations

D 9t ()  of.(6)
. _ 1 ] . 1" 1
asl) = z 96 06
r S
i=1
n a afi(b'.)
b () = Z ) 5

i=1

Note that the matrix g is symmetrical.

C.2.1.3 Second Method

Again taking the function
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a new function Fi E(b—) is defined

= (3 - 2 (T =
F,0) = £§(F) 50, £(6) = 0

This function involves the solution of k simultaneous nonlinear equations, which will be
Newton's method. This again makes use of linearizing FM(E) through a truncated
Taylor series and provide iterative improvements on some initial estimator. Using

the earlier expression ior Ej +1 and

for the iteration we find

L BF. (9) D 8F.(7) OF.(0) _ 3%F.(9)
a_(j) = Z —L = z . + F(0) =
rs 06 6o 50 i 86 00
— S — r s r s
i=1 i=1
n a n : aF.(9)
b () = Z F (0) = z Fy(®) 5

It is interesting to note that the br(j) values are identical for the two methods.

C.2.2 METHOD II

In this approach, as values are assigned to ¢, denoted by ¢, the maximum likelihood

function becomes
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are maximum likelihood estimators and ¢ is a value for c in its range

lw >

where a, b,
of values. Since it is often more convenient to maximize the natural logarithm of L,

the maximum of which coincides with that of its argument, we have instead,

Y (Ei—wig n §
InL = -3 z \—Enl—-> --2-11‘127"— nlns - Z 1nmi

i=1 i=1

By setting the partial derivatives of In L with respect to the three parameters a, b, s

equal to zero, the three normal equations for the maximum likelihood estimators are

obtained.
~ Dow. - w
91ln Lja=a _ Z —i i _ )
%a lp-p L. m?
= i=1 i
c=c

Oln L

(o0}
o
o oW
]
olooie >
n
s
7N
I=
=
0 I
g
N’
(¢}
]
&
1
o

]
I

~ n W, - W.NC
dlnL|a=a _ _L Z <—i i> _n o_ o,
s lp=p &€ L m; s
= i=1
c=c
Solving the first two simultaneously yields
e _l v
n n -ct, —1 n ]
. 1 w
~ 1 e -1
a — — ———
I M ) o
i=1 i i=1 i i=1 i
n ot n  -2ct, n -ct
~ e 1 e 1 E1 €
LI B N 2
- L=t ™ i=1 ™ i=1 M
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After a and E_have been determined, the unbiased estimator of s, rather than the maxi-

mum likelihood estimator defined by the third normal equation is computed. It is

n ~ A =Ct.\2
. ) <£i-§.+he 1)
£ = n-2 m,
i

Once the values for "a'" and '"b" are determined for a given ¢ value, the value In L is

computed. This process is continued for each c in the range. The maximum In L

determines the parameters a, b, ¢ to be used by the model.
C.2.3 PREDICTION AND PREDICTION INTERVAL
Consider pairs (t,, w,) which are to be predicted.

¥ T YT &

A ”~ ~
Since a, b, and s are not known, we use the estimators a, b, and 8 to assess the con-

fidence interval due to the error ey The predicted value of ﬂkis the estimator of Wier

_E'tk

~ ~ ~
Wy = & - be
and

E{w} = B{lw] = w

”~ A
Both a and b are linear combinations of the normally distributed random variables w

[

hence Alk is normally distributed and

A
W, o= w +e

k k w

k

where E@kis a normal error with zero mean. Let uy be the difference between the kth

observation and prediction

= e - e~
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It is seen that the error u; has two sources. One, e, says that the observation w
will deviate from its expected value, while secondly the estimate of the expected value

contains the error e“A/ . The error ujy is again normal with parameters
Wk

E{ug = 0
Uuzk = var {uy} = var {ey} + var {EQk}

The last equation follows from the stipulated independence of observations. The vari-
ance of ey follows simply from

var{_e_k} = o2 = § - mk2

In place of mk2 its estimate is used

B = BZRS ¢ RIGE RS A7)

The variance of e is
Wk

~ -thk ~ -ctk ~ A
var {e } = var {a} + e var {b} - 2e cov (a,b)
k

This equation contains the covariance of a and b which implies that a and b are

dependent. From the solution of the normal equations,

~ BD - EC
a = — -
AD - C*®
. BC - AE
b = >
AD - C
where
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n
i
_—
i=1 ™
n -'(\:Jti
Al
e
c = L —
i=1 i
n -2’cvt.
\' e
D = Z —
i=1 i
-ct,
n w e i
E- ) =
i=1 i

Therefore w Kcan be expressed as a function of random variables Band E

Wi = o8t AE

where
—ct
o - D - Ce k
k AD - C2
-t
8 - Ae k - C
k AD - C?
This leads to
2 2
= + El +
var {gwk} ap var {B} + g var {E} + 248 cov {B,E}

Since both B and E consist of a sum of independent normal variables we can write

n 0 n

var (B} = Z L -
. m m
i=1 =
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n -thi
‘ _ e 2 _ 2 e = 2
var {E} = z — % s Z — s“D

N -t
v
e 7

This equation is simplified by the fact that, due to independence

b= E{wgd o E{wytb o, 0 £

E{ﬂl_J -
and there results
n -gt. ~ n
e 1 5 —ct y_l
cov [BE} = E{ ) S— w?f- Z o
e m,
i=1 i =
n -ct
e ! > 2
= Y oo = s C
a 4
i=1 ™
Therefore
A1 = A+ gD+ 2
varfeg) = 7oA+ D+ 2o

or by substitution

var { g\;k}
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By comparison of this expression with the initial expression for var {e . }, it is
k

seen that
var {;} = s . 2
AD - C
var {b} = &2 A
AD - C?
cov {a,b} = & —E—
AD - C
now
-2ct -Ci
K %
var{gk}= s2 mk2‘|_Ae - 2Ce + D

AD - C®

If s were known the prediction interval could be readily established since Uy is nor-
mally distributed. For example, for a 90 percent interval on w, one would use
-ct

a-be + 1.960
Uy

A

With s available instead of s, this may still be used if the sample is large enough, say

n > 30. For small samples we know that the random variable

has the Student t distribution with n - 2 degrees of freedom, g being the unbiased esti-

mator for s. From this follows the small sample distribution of u.
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where

(M1

jw >

-2¢1 -ct
(’; _ ( +Ae tk-2Ce tk+D>
Ux Mk AD - C°

the confidence interval containing (1 ~ €) of all possible outcomes of wy is then

_ct ~
e k;t t

| >
)
1>

g
€/2 =u

C.3 THE LOGISTICS MODEL

The computer program for this model fits a curve of the form

-
i —cti
1 + be
through a set of observations w i made at times ti by the method of weighted least

squares.

A range of values of c is established and for each c in the range, initial estimates of a
and b in the above model are made. An iterative procedure is employed to obtain cor-
rections, Aa]. and Ab]. for a and b respectively. When [Aaj/a| and |Abj/b| are both
less than € = 0.001, the iteration process is terminated. The weighted sum of the

squares of the errors

n

S = Z pi(ﬂi - wi)2

i=1

is computed and the program repeats the above process for the next value of ¢ in the
range. When all ¢ values have been exhausted, the minimum S is determined through
inspection and the corresponding values of a, b, and c are the desired parameters to

be used in the model.

C.3.1 ESTIMATION OF PARAMETERS
The weighted least squares criteria for fitting a curve todatarequiresthat we minimize

n

S = Z pi(_\)!i - Wi)2

i=1
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where
W, is the observation made at time ti.

w, is the prediction given by the model at time ti.

This equation is nonlinear in the parameters a and b as are the normal equations.
This means we must use an iterative procedure to determine the minimum value of S.
To apply this technique S is written as

n

- 2
S = Z [Fl(ﬂl’ tl’ a, b’ C)]
i=1

and using a truncated Taylor series expansion we have

oF, a. oF a.
F(w.,t,a b,ec) = F(w,t,a b, c+—=Jaa+ | Jab
it—i’ i it—i’ i da ob
b. b,
j j
C C

~N A A

where aj, bj are estimates of a, b; Aa, Ab improvements to the estimators a., b..

In the computer program c ranges from 0.001 to 2 in step sizes of 0.001. Smin then
is given by the iterative process

a. a, Aa.
jt1 J J

T

b. . Ab,
1 j j

where the corrections AaJ and Ab, are determined by

—Aajj Z

9F 2 -1

G @

E I N N DG
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and

Substituting these into the above solution yields

B -ct, T-]
n 2 n 2 1 n
- M W, P, w, e P. p.(W. - WHW,
Aa 1 1 _ 1 1 1 1 1 1
i ~a -/ . -ct, ~
i=1 % i=1 aj<1+bje ‘). i=1 3
n 2 _Cti n _ZCti n ~ct
2
Sﬁ Wi ¢ Py Z Pi € Vi X Py, - wya,e
Ab.
|7 Lo T et et | et
i=1 a.<1+b.e ‘> i=1 <1+b.e ‘> i=1 <1+b.e ‘>

The iteration process is terminated when |Aaj/aj| < 0.001 and |Abj/bj| < 0.001.

To initialize the problem first guesses ot a, and b1 are required. A least squares

curve fit of the form

w., = a + bt,
i i

is fitted to the observed weights.

n % n n
Z R I z tp z ¥ iPy
~ _ i=1 i=1 =1 i=
n n n 2
2
z Py Z Py - Z tP;
=1 i1 e
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This least squares curve fit is matched with the logistic model at two time points for
avalue of ¢ = 0.1. (For c = 0.1 the logistic curve is approximately a straight line in
the region where the two curves are to be matched.) The two time points chosen were
t = n/4 and t, = 3n/4. This leads to

a ~
l-Olt —a+btl
1+ge 2
1
a ~ ~J
1-01t —a+bt2
1 +b e 2
1

Solving these two equations in the two unknowns a, and bl yields

. b(t, - t)

S S0.It ]
{e (a + th) - e (a + btl)

R . N -0.1tl>

a, = (a+ bt)\1l + b e

These values are used as a first approximation to a and b for the first value of c in the
established range of ¢ values. They are then improved upon by the iteration process
discussed above. The final values of a and b for the first ¢ value are then used as a

first estimate for the next value of ¢ in the range, etc.

Once a and b are determined for a given ¢, a value of S is computed. This is done for
each ¢ in the range. The minimum S determines the parameters a, b, and c to be used
by the model.
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C.3.2 PREDICTION AND PREDICTION INTERVAL

Unlike the linear and exponential models, the logistic model involves a quotient of the
parameters a and b. This non-linear combination no longer allows one to say, even if
a and b are normally distributed, that the combination is normally distributed. The
following discussion resolves this difficulty by using the first values of a and b, with

¢ = 0.1, to obtain the variance. An approximation is made, based on the number of
observation values being more than ten, which yields a slight overestimate to the pre-
dicted value as a linear combination of a and b. This error is the estimate of the ex-
pected value combined with the error obtained by considering that the observation will
deviate from its expected value yields a variance from which, for a specified level of

confidence, a confidence interval or prediction interval can be obtained.

Defining the following quantities,

n>~"s
|
o

g -
i=1
n

- 2

B - Z tlpl
i=1
n

y = Z t,p;
i=1
n

8 = O H¥e
i=1
n
i=1
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and recalling the earlier expressions defining the initial estimates of the parameters

a and b, a and b may be expressed as

~ ap - Ve
a = - -
g - ¥°

~ € - ay
b = —
2

€ - v

Now, assuming the value ¢ = 0.1 and recalling that

A ~ o~ A 0.1t

— * 1
a, = (a + btl) 1 + ble >
. Bt, - t)
b, 0.1t

-0.1t2~ - L~ o~
':e (a + bt2) - e (a + btl)J

it follows that

~ A
a ~ a

1
A A
b = b

Making the appropriate substitutions into the model

¥ = T ~0. 1t
1 + be
yields
-0. 1t
o b, -t)e t
(@+bt)1 1+ =533 N 0.,
~ e (a + bt2) - e (a + btl.)
¥k T ~ -0, 1t
- bt, -t)e
-0. 1t

C-47



This expression is highly nonlinear in the terms a and b. However, simplification

followed by an approximation results in a linear expression as seen below.

B - -0.1t -'Eti 7]
b(t1 - t2) e 1_oe
T o, L 0.1t
R N (@a+bt) - e (@ + bt )
wp = (@a+bt) N —'é'ti
bt. -t)e
+ 1 2
-0.1t, 0.1t
[_ e (a + btg) - e (a + btl) A
— ~
-0.1t -ct
-~ b(t1 - t2) <e P _e 1)
= (@a+bt)] 1+ —
-0.1t -0.1t -ct,

"@+bt) - e @+ bt) + b, -t)e

- -0.1t, -'Eti>
b(t. -t) \e - e
1 2

1

1+

-0.1t
-e lb

- (a + btl)

Forn>201In3

1

CY
+

o
o
Hv
H
+

2
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-0.1(t,-t,) o -0.1t, -0.1t1>
tl -e t2 + a\e -e

/

-0.1t -Ct,
[S] 1 - €
~0.1(t_-t.)
-ct -0.1t t [e 2 Uy 1]
1 1 - 2
- € t -t
1 2
-Sti+o.1t 7]
1 - e 1
-ct, +0.1t t \e + 1
- 1 + E
2 w

+bt, -t )e




i£>
o

Q2

Q

-Ct,+0.1t
i 1

+ Byl 1+ L=2=
' -Ct.+0.1t
i 1 3n 2
e -1 4+ = =
4 n
-'<?ti+o.1t1
¥ By |1+ =2
1 ~ct, +0.1t
e 1 - 0.5

and note that ¢ = 0.1, t, =n/4, t_ =3n/4.

Now let

kt.
i

a +

Q

Q

o
4

o .. (et +0.1t
@+ bt)[1-757\e * -1

n
~ (0.1t + L
+ 2P [1 - 157 <e 140 1>]

(a'

n
oo ([ -0.1t + =
1—7.57<e ! 40-1>

and applying the earlier expressions for 2 and b

ap - vs
+
B -Y € -7

€ - ay

AN

- oy he _

B 4 4 Y
22+ ZQ

€ - vy € - v

Ag_+BQ
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C-50

where

g - &

A = 42
€ -
Be - Y

B = 4 >
€6 - v

Consequently

var {w.} = EJ(Aa + B3)°kZ | - E°[(Ag + Bd) k

i JL = ti { = ti

[AZkf E{g®} + Bk E{6"} + 2ABk} E{g_g}}
i i i

- [Azkthz{g} + B%E®{s} + 2ABk]E{g} E{g}]
i i i

Azkt2 var {a} + ngt2 var {8} + 2ABkt2 cov {a s}
i i i

Using the following expression for the observation range weighting factor from

n-i
p; = Q@ (Ei + RlCi + R2Ai)
and also
n
_ _ T2
S = z py(w, = w)
i=1
Let
~ S
S = n - 2
so that

var {a¢} = Se




var {3}

li
N
)

l
wn
<2

cov {@,6} =

thus

var {ﬁk}

A%k Se + B S + 24BkSy
i i i

kt2§(A2e + B®3 + 2ABY)

n 2
2 ~| /B _ZZ /—-y
= k- 8 Q —) €+ B
i €B -y GB 'Y
B - ny ne _
4 4
cn(—5)(F—)
€ - v € - v
Using
n
B -y
A = ( 4 >
Nep - 7
and .
-
B - (2 —)
\EB _y/
<ﬂ2‘2 ) <“ “—q+v>ﬁ+2~/ -VB+—L>
var {w,} =¥ -§
k ' (€8 - v°
4 -
- N_ _&Y__+ 16 +—E_ E@L+ﬁy +£LB_Y_ _.'Y—_ZB-Y2+_‘L}
= k25§
.
oL €8 - v3°

i

=~
n

w?

—(Bez_zf_ 3 _ Do, os2, _
Vi) g+ Bye) 3 + (B¢ - BY7)

L € - ¥
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Since it is assumed that
v, = w, t+ e,

-1 1 -1

where [<H is an unobservable normal error having zero mean and standard deviation o,

w., = E.w. + C.w. + A.w,
-— i—i i—i i—1

Then each of the three parts is broken into its mean plus an error

Wi T <WE. - EE.) * <Wc. * 9c.> * <WA. * EA.>
1 1 1 1 1 1

and the assumption

w = E.w.
E. il
i
W = C,w
C. i
i
w = A.w,
A i

These three errors are assumed normally and independently distributed with zero

mean and standard deviations crEi, crci, O'A..

It is further assumed that the ratio of the standard deviation to the mean of the three
random weights is the constant s. Then the variance of the ith observation may be

expressed as




Let u Kk be the difference between the k! observation and prediction

u, = Wy - W T Ek_g&k

N
where e;;]kis the variance of Wi and e kis the error related to our observation oig,

Note that the error u, is again normally distributed with mean zero and

var {wd = var{e,} + var{e;}
' k

I
W
©
=

ik t.
i

e o, g
2’\2+k2'§<16 2 >
2
€ ~ v

So the upper confidence limit for the ith observation

2
en _ym
~ o N <16 3 B)

~ t
2
+ B + . .
Wy 5 S PV kti B - yz

wn

for Student t variable t, where p is the percent confidence limit desired and n - 2 de-

grees of freedom,

C.4 ADAPTIVE (FOURIER) EXPONENTIAL MODEL

The models discussed in paragraphs C.1, C.3, and C. 4 are based on the assumption
that the underlying process generating varying monthly weight estimates can be ap-
proximated by an analytic man value function. In this paragraph a model is discussed
which, rather than assuming such a function, senses the latest tendencies of the trend
and is therefore adaptive. It reflects only immediate past history, ireating the weight
increment as a random variable. In the simplest case the expected value of the incre-

ment is constant, that is, with LA being the ith gbservation we have

w, - w, = a + R,
i+1 i 1

where a is the mean increment and Ri is a random residual of zero mean. Going one
step further one many assume that the next increment also depends on what has hap-
pened in the past, specifically one may make it proportional to the last increment,

namely,

- W= a + bw, - w_) + R

'
i+1 1 1
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This equation contains a linear autoregressive term b(w, - wi_l), where be is a param-
eter; it represents a mixed autoregressive model. This equation, without the residual .

term, is also a difference equation and has the solution

w, - w, = cb +
V1+1 wl l-b

where the constant ¢ depends upon the initial condition W Returning to the original
process, and provided that observations are equally spaced in time, the solution
becomes

1-b i -1

W T oW, teb S faTTy

The only acceptable case of this expression in the weight trend problem is that where
0 =< b =< 1; in that case it represents a straight line with a superimposed decaying

exponential,

The application of the simple and plausible argument that the forces at work in the
weight evolution process, and the increments which they cause from one observation
to the next, are on the average constant, but also proportional to the latest increment,
has resulted in the above model. This model has some desirable properties. It is
simple, Its behavior is asymptotically linear, but it allows for perturbations which
change the trend., Thus it is adaptive and a suitable model for processes which behave
linearly in some time interval, but whose parameters are subject to slow variations

with time.

Unfortunately there is one shortcoming. Experimentation with estimation of the
parameters a and b from data which were generated in accordance with the model re-
vealed that with 20 to 30 observations available the estimators for a and b were not
consistently good, and the resulting prediction was not only inferior to the conventional
linear regressive prediction, but sometimes outright wrong. Two factors compound
the difficulty. Firstly, using increments, which is analogous to differentiation, in-
crcases the relative magnitude of the residuals; the effect of noise becomes more pro-
nounced. Secondly, if there is little exponential trend in the data, which means that b
is close to one, then separation of linear and exponential trend becomes difficult. For

with b =1, the functions




and

W, - w, = bw. - w,
i+t1 1 ( 1 i-1

)

are linearly independent and there exists then an infinity of solutions. To overcome
these difficulties we decided to use a model which, without the residual, has the same
time dependent behavior as this model, but which is not autoregressive in'its structure.
This model is

-ot,

i
w.,. - W, = a + bhe + R.
i+t1 i i

Here ti denotes the time of the ith observation. When observations are equally spaced,

namely t,, =t. + At, there follows
it1 i

at, L

. i
W w ) ia e R

where

c = bl - eOAt)-l

This equation contains t_he.constant term (wl - ¢), the linear term ia, and the exponen-
tially decaying term ce Lo straightforward maximum likelihood techniques were
used to estimate the parameters a, ¢, and , then one would again encounter the prob-
lem mentioned before ; the functions ia and ce i may be almost linearly dependent,
which means that there are infinitely many combinations of these functions which will

make a good fit,

As a consequence one may obtain estimators which make little sense, For this reason
it was decided to first separate the nonlinear part by a Fourier analysis and then to

treat the remainder as the increment process described by the very first equation.

C.4.1 FOURIER SMOOTHING

A transformation of variable is made

tn-ti ti-tl
ST B s S S
n 1 n 1

C-55



This transformation is such that Xl =0, Xn =0. The functional behavior of Xi

(L =i = n) is represented exactly by the following Fourier series

ti -tl ti —tl ti-tl
= i —— i —— 3 - ————————

Xi Blsmvrt m_— B2s1n21rt — t .. +Bn_2sm(N2)7Tt "
n 1 n 1 n 1

The Fourier coefficients Bk are

2 "o -t
Bk = ) Z Xismkfr———-—, k =1, 2, ...
i=2

n t -t
n 1

A smoothed function ﬁi through the data Xi is obtained by truncating the Xi series and
by adjusting the coefficients Bk’ namely

The truncation serves to suppress noise, The ')V(i series contains four terms. This
number of terms was arrived at empirically by experimentation. The adjustment of
the coefficients serves to obtain a smoothed function which does not have any points of
inflection. This adjustment is achieved by comparing the coefficients Bk to the Fourier
coefficients Ak of an exponential whose decay rate « is such that

—-a(t_-t))
e BT gy

where the value 0.1 was selected empirically. The rule for adjustment is

B' = B
1 1
B, if 0 < Bk/Bl = Ak/Kl
1 = i e =
B, BA /K if B, /B, > AJA 3 k=2345
\ 0 if Bk/B1 <0 J
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If the first Fourier coefficient Bl is less than 5 percent of the increase of w; in the
interval (£,n) then it is assumed that w, contains no significant nonlinear trend and the

smoothed function is

B
1

v - W
n 1

')Ei:o,if Iso.os

The smoothed function Gin through the normalized observations follows from reversing

the variable transformation

t. -t
= + - +
W, w, (wn wl) T Xi
n 1

C.4.2 SEPARATION OF THE EXPONENTIAL CONTENT

The model assumes that the nonlinearity present in the data be of exponential form,
The next step is to find that exponential which best matches the nonlinearity §i' The
matching is very conveniently done in the spectral domain, using the least squares
error as criterion. The Fourier spectrum of )N(i is compared with the spectra of
13 functions, having the form
—a,(t-t )

f)) = a + bt + e £

where the range of the decay constants a, is selected empirically such that the

min (oz[l) = o, max (az) o and

() - o7

o _(t -t)

e BRI 0.1

—a,(t -t))

e PMY - 475 - 0,052

The spectrum corresponding to f g(t) is

—a,(t_-t)
9 (-l)ke A TS 1
Aglap) = g7 - z 0 K
km y/

1 {(tn - tl)ozﬂ]

—
[

-

I
= -
[N
13
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We consider now four possible combinations of nonlinearity (see Figure C-3).

Case 1 - Bl is negative and w_ -~ W is positive.

=

Case 2 - Bl is positive and w_ - w is positive.

=]

Case 3 - Bl is positive and w_ - w is negative.

=

Case 4 - Bl is negative and w_ - LA is negative,

=]

Cases 1 and 3 are rejected because an extrapolation of their behavior does not agree
with the physical picture of weight growth. It is then assumed that no nonlinearity

exists, that is, ii =0.

In Cases 3 and 4 the comparison of the Bk' and the Ak(az) is such that one wants to find
the value o' where a = of = a which produces the least squares error. The cri-

terion for the error as expressed by the two spectra is E(ag)

5
E(y) [CgAk(af)]z - Z CAL @)B ', £ = 1,2, ...,13
k=1

o

k=1

where the comparative magnitude of the exponentials, Cg’ is determined from em-

pirical considerations, namely

“n T Wy

C = -0.8 in Case 2
J/ aﬂ(tn-tl)

1 - ¢

LA A
CE = - ozz(t . in Case 4

n 1
1 - e
The value o' has the property
' = :

E@) min E (o) o = o=

The exponent with decay constant o' gives the best fit. We first find aj such that

E@) = minE@) £=1,2 ..., 13

If ozj coincides with one of the end points, namely aj =a or ozj = a then o' = oz]..

Otherwise o' is determined by interpolation with a parabolic arc

b
= L = 4
« 2c aj—l
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Case 1

Case 2

Case 3

Case 4

A

~
r

Y
—

[N
Ll

/!
v

.

N

A 4

Figure C-3.

Possible Combinations of Nonlinearity
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where

2 -1

b (oz]. - aj_l) (ozj - ozj_l) E(ozj) - E(aj_l)
¢ (4 = %)) @, - ozj_l)z E(,,) - E(0j.,)

Having found o', the corresponding Fourier coefficients are obtained and the magnitude

c' of the exponential content is

T
A, (@B,

=
=

el e

[—y

A ()

o

There is one restriction in Case 4, which is to avoid crossing into negative weights in
the prediction range. Any index £ when it has the property CE >0.8 W is considered
a forbidden region. If there is a forbidden region at all then it will involve an index
set £ =1, 2, ..., f. If f =13 then nonlinearity must be rejected and we assume again
ii =0, If1=1f<13, and aj falls in the forbidden region, including ozj =y, then we

substitute o' = of,

The exponential trend contained in the data w, has now been identified and is subtracted

from the data. There remains the corrected data Zi’

~a'(t.~t )
Z. = w, - cle 12

In the cases where nonlinearity was rejected, i.e., where ;(i =0, we have ¢' =0, and
Z, =w,,

i i
C.4.3 ESTIMATION OF PARAMETERS AND PREDICTION

A linear fit is made through the Zi based on increments, including decreasing weight-

ing. The increments are

Y. = Z. - Z. _ ,i=23 ...,n
1 1
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The model is

Y. = a + R,
1 1

where the weighting coefficient p is defined by pn-l =k and k is given as input to the
computer program. If k is not specified the program uses p =k =1, The estimator

~
2 . .
o for the variance of Yi is

- 1 N tn—ti N2
o T §-3 Z po (Y - a)
i=2

In making the prediction it is necessary to distinguish whether the estimator a is posi-
tive or negative. In the latter case the monthly increments are reduced exponentially

in the prediction range, in order to prevent crossing into negative weights. There

follows
n o't t) .
w = Z + (t_~t)a +c'e ,a>0,m>n
m n m n
or
t_-t) —at_-t) .
w =ﬁng + cle ml,a<0,m>n
m n
where
Zn+a
B = 7

The upper 95 percent confidence limit G is determined from

~2
Gm = Vo + 1,64 \/(tm - tn)(r
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C.4.4 TFOURIER ANALYSIS OF A FUNCTION CONTAINING AN
EXPONENTIAL TERM

Consider the function

fx) = a + bx + e &

in which a and b are arbitrary constants while « is positive. The domain of f(x) is the
interval (0, L). We wish to represent the nonlinear part of f(x) by a rapidly converging

Fourier series. We first subtract from f(x) a linear function such that

gx) = fx) - a' - b'x
and
g0y = gLy = 0
There follows
a' = 1 + a
b' :%(eaL-1)+b
g(x):_l_fl(e—aL—l)x+e_w(,0§st

The Fourier analysis is applied to data whose first and last points go through zero by
virtue of removing a linear function from the original data. In order that the first
derivative be a continuous function, it is hypothesized that the smoothed curve fit to the
data be a periodic sine-type function, g(x + L) = - g(x) with the interval where the data
fall representing a half-period. It is important that a function with a continuous first
derivative is used as the terms of a Fourier series expansion decay as nk+l where k
is the highest order derivative that is continuous. The Fourier series representation

of this sine~type function contains only sine terms, thus

gx) = z Ak sin &L?-T- X
k=1
with
L
Ak % b/ g(x) sin k_Izr_ x dx
0
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The following integrals are involved in evaluating this expression

L
k -alL
f e sinfxdx = g1 —2(-1) 2e J , B =-15L£
a + B
0
L
[ e pxax - 30 - DN
0
L
f x sin g xdx = %J-(—l)k

The resulting Fourier coefficients are

_ 2 1 k -aL
A, = = [——-———4 [-1)%e ™ - 1)
1 +

C.4.5 LEAST-SQUARES APPROXIMATION OF AN EMPIRICAL FUNCTION BY
ANOTHER FUNCTION

Consider the case where we have a function f(x), defined on the interval (0, L), which

was obtained from smoothing of empirical data with a truncated Fourier series

n
fx) = }J Bsin T x, 0=x=1L

i=1

To approximate f(x) by some known function g(x;0) which is also given in its Fourier

series representation

]

gx;a) = Z Ak(oz) sinkfj-rx
k=1

The approximation is of the form

fx) = Cg(x;a)



where the magnitude C and the parameter « may be varied in order to obtain the best
approximation. The least-squares criterion requires that
L
2
E = / [f(x) - Cg(x;0)] , dx = minimum
0

and there follow, from differentiation with respect to the parameters, the simultaneous

equations
L
u/ [fx) - Cg(x;a)] g(x;a)dx = 0
0
and
L

e - cgeoa) 28EQ

Rather than solving these two equations simultancously the approach will be taken of
first holding « fixed, solving the first equation, then varying « and locating the mini-

mum of E in some way. The first equation is rewritten as
L L

/ f(x) gx;aydx = Cf g(x;0) g(x;a)dx
0 0

In virtue of the orthogonality properties of the Fourier series we have

(o8]

n
Z A@B, = C Z A @
i=1 k=1

and the factor C which provides the best approximation in the sense of least squares is

A(0) B,

gt

A (@

1T
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For practical purposes the sum in the denominator cannot be carried to infinity. The
question arises how many of the coefficients Ak are needed. One feels intuitively that
all coefficients with k > n should be omitted, since in the Fourier series terms of order
greater than n cannot contribute anything to the function f(x). It will now be shown that

the integrated square error E is indeed smallest if the following expression for C
is used:

n_
Z A.(0) B
_i=1
C =3
2
Z A @
i=1
Expanding E

L
E = f {1£691° - 2Cf(x) gx;0) + [Cglxie)] 1

0
substituting
L L
E = f [£(x)] Zdx - 02f [g(x;0)] Zdx
0 0

I_l_1
(] o)

) Al@

The error thus expressed implies that the Fourier series of the approximating function

g(X;a) is carried to an infinity of terms.
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Since

It is seen that if g(x;®) is represented only by the first m terms of its Fourier series,
where m < n, then E will be smaller. The desired conclusion is now at hand. The
approximating function for f(x) which produces the best approximation in the sense of

least squares is

n
il

Cg(x;q) = Z\A Ak(oz) sin % X
k=1

where C is is determined from the second expression for C. The integrated error

square is
n 2
0 < L A, (@) Bi>
2E  _ 2 i=1
L Z B n
i=1

-

2
A %@
k=1

The optimal value of the parameter is the one which minimizes E. This value may

have to be determined by searching methods rather than analytically.

C.5 NOMENCLATURE

a, b, c Model parameters.

2{, 13, ¢ Maximum likelihood estimators of the model parameters.

covi{ } Covariance of two random variables in the argument { }.

e Unobservable error between observed value and mean value provided
by model,

E, C, A Proportions of observed value which are Estimated, Calculated,
and Actual.

E{ } Expected value of the argument { }.

L Likelihood function.
Weighting factor based on E, C, and A.

n Number of observations.
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Rl, R Weighting terms defining relationship between s values for the E, C,
and A weight components,

n

Constant ratio of standard deviation to weight components (i.e., E, C,
and A components).

Maximum likelihood estimator of s.

Time.

jetr =& W)

Parameter of Students t distribution.

var { } Variance of the random variable in the argument { }.
Weight.

Predicted value of weight.

Observed value of weight.

Q |€ |€> =

Standard deviation.

Subscripts

i The value of i denotes a specific observed data point.

k The value of k denotes a specific predicted point,
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APPENDIX D

PERFORMANCE RELATIONSHIPS

D.1 INTRODUCTION

When drag, angle of attack, and gravity losses do not change significantly as a vehi-
cle's weight is perturbed, the impulse velocity rocket equation can be used with good
accuracy to determine the effect of vehicle perturbations on stage dry weight, propel-
lant loading, and specific impulse. This is the case with the Apollo Spacecraft during
earth orbit, translunar injection, and the remainder of its space flight. When applied
to the Saturn/Apollo launch vehicle this equation yields significant errors due to the
changing velocity losses. In either case, the velocity increment used in the impulsive

equation must include all velocity losses as well as the actual change in velocity.

Using this equation, trade-off factors can be found as the ratio of total derivatives.
Partial derivatives are evaluated from known mass ratios, ideal velocity increments,
and specific impulses. Control values are used to evaluate these derivatives. Appro-
priate assumptions must be made to eliminate or evaluate total derivatives not directly
entering into the trade-off factor. These assumptions can include such constraints as
constant propellant loading or a given ratio of stage propellant loadings, no change in

ideal impﬁlsive velocity or specific impulse, constant liftoff weight, etc.

The following paragraphs show the derivation of the generalized equations for the im-
pulsive velocity changes of an N-stage rocket vehicle in terms of the changes in stage
specific impulse, stage dry weight, and stage propellant loading. Expressions are
presented for the velocity change of:

a. the kth stage.

b. the sum of the first K stages.

¢. the sum of all N stages.

D.2 DERIVATION OF EQUATIONS

Consider the impulsive velocity change rocket equation

W

1
= —_— 1
AV Isp g ln W, oh



where
AV = ideal velocity change (fps)
ISp = specific impulse (sec)

g = acceleration due to gravity (ft/secz)

W. = weight at beginning of AV (lbs)

W_ = weight at end of AV (lbs)

The weight at the start of the impulsive velocity change can be thought of as made up
of "dry" weight (WD) and propellant weight (WP) , where the "dry'" weight is the total

vehicle weight less the propellant weight burned to achieve the velocity change.

W, o= Wp (2a)

and

W= W, + W (2b)
1

Equation (1) can then be written

W o+ W
_ b "p
AV = ISp g ln < WD > (3)

The total differential of velocity change is then

d(AV) - 2AV) 41 L 2AV) w4 2AV) G w )
ol sp oW D oW p
Sp D P
From Equation (3)
W + W
—(—\QgIA = gln <—————DW P> (5a)
sp D

I.,g
IAV)  _ sSp (5b)
8\\p (WD + WP)

and

) (5¢)




Substituting the preceding partial derivatives into Equation (4)

Wy *+ W
dav)y = l:g In >} < dw
W, Vo + WP P

() G, ®

For a multi-stage vehicle the above equation can be used by adding the velocity incre-

ments from each stage burned during the mission, Care must be taken to include all
weight including propellants, above the stage being burned, as dry weight in evaluating
the derivatives for the stage being burned. For example, for a two-stage vehicle, the
second stage dry weight plus propellants plus the first stage dry weight must be in-
cluded as dry weight in evaluating first stage derivatives.

Now consider the "Kth stage' of an '"N-stage' vehicle. Using Equation 4, an incre-

mental impulsive velocity change occuring during this stage is given by

/BAV
" 1y * () vy, - (D) av 7
AV = < > \aw Py )

where Wy includes all the vehicle weight at burnout of the Kth stage and is therefore

given by

=
o
N
il
>~z

<WD + WP > (8)
i i+

i=K

The convention used herein is that when the subscript is grcater than the upper limit

(N in the above equation) the value of the parameter is zero. From Equation (8),

N
) <de. v dwp, ) ©)
i=K 1 i+t
Equation (7) can then be written
dAV AV
oy - () on o (@) T (o vay )
i+1
< > dW (10)




By summing Equation (10) from 1 to K the incremental impulsive velocity change for

the first K stages is obtained. .

50 e - 0) 5 oy o)
o]

K

T
]

j:

i

BAV

or

i=1 i=1  SP7 j

K
N <8AV > aw

W (11)
é oW Pi+1

In double summations, as in the above equation, the inner summation is performed

once for each value of the outer summation index. It can be shown that
\ <8AV> aw,, - T V <8AV>
? i= ] j= =1 1 ]
N
- Y <8AV> aw, (12a)
j“illxﬂ
and
K N
) U (2AV Y L w _ BAV aw,, (12)
7 oW, P
i=11i=]j i ji=21i=1
N J:_l‘
e L) ov
A
j=K+2 i= K+1




Substituting Equations (12a and 12b) into Equation (11)

) wa, - Z(“")dl N 5oy

j= j=1i=1
N N]
y ;ﬂ <8AV R \ Z <8AV>
D /

j=K+1 i=K+1 y = =

N
) Z Z <8AV> dW_ + <8AV>
j=K+2 i=K+1 "D

or factoring,

K N j
), s, - <8“V> ot )2 4] ) GRY)
i=1|]i=1

i=1 J=

i=k+1 D'y )
N ]ijl ] -
DAV DAV
+
Z < > / awD> dWp
i=1||i=1 j=K+1 i )
-
BAV
+ Z <8WP> dwp, (13)

Now introducing a unit step function, 6 K’ defined as

g = 1 1 = K g = 0 i > K (14)



Equation (13) can be further factored to yield

K
Y oaaw. =
4 (av),

N
)
=1

Equation (15) gives the incremental impulsive velocity change through the first Kstages

of an N-stage vehicle.

L,

j-1

0AV
‘s <_
jiK 8WP

By letting K equal N the total incremental impulsive velocity

)

change through the N stages can be found.

Letting K equal N,

N j
VN <8AV
) )
j=1]i=K+1

and
N [j-1
\ y dAV
7 o\ W
j=1|i=K+1

]

) oo

o
N
o,
=
_d
]

i [~z

J L

)

JJ

il




since the lower limit of the summation index is greater than the upper limit. Equa-
tion (15) then becomes, for K=N,

Ed(AV) Z 8AV> 3 12 <8AV> aw,_

i=1 j j

N
\_—I
¥ /L Z <8AV> <8AV Wp. (16)

Equation (16) gives the total incremental impulsive velocity change for an N-stage ve-
hicle. All partial derivatives are calculated from a nominal or reference mission

using Equations (5a, 5b, and 5c¢).

D.3 EXAMPLES OF GENERALIZED EQUATIONS TO DETERMINE TRADE-OFF
FACTORS

Equations (10), (15), or (16) can now be used to obtain trade-off fdctors (sensitivity
factors). This is done by imposing constraints dictated by the vehicle configuration
and mission and by setting to zero all differentials not of interest. The trade-off fac-

tors are then the ratio of the coefficients of the differentials being considered.

Possible constraints which might be imposed include:

1. No change in total ideal velocity. This assumes no change in velocity losses
and that the vehicle can still perform the nominal mission. The nominal
mission is that at which the partial derivatives are cvaluated,

2. No ideal velocity change in any given stage (as opposed to constraint 1 in

which the sum of the ideal velocity for all stages is constant).
Constant consumed propellant per stage.

Constant total consumed propellant.

Constant consumed propellant ratio among stages.

Constant liftoff weight.

S D O W
« e e e e

Constraints imposed by stage definition (when one physical vehicle stage is
broken into two or more '"'stages' for analysis purposes because of engine
restarts or discrete weight jettisons during any phase).

8. Combinations of the above constraints,



D.4 EXAMPLES OF USE OF EQUATIONS TO OBTAIN TRADE-OFF FACTORS

Consider a three-stage launch vehicle to inject a payload into translunar or interplane-*
tary flight. The launch mission profile is the same as the Saturn V/Apolio LOR vehi-
cle, i.e.,

1. Liftoff to first stage jettison.

2. Second stage ignition to launch escape system jettison.

3. LES jettison to second stage jettison.

4. Third stage ignition to earth orbit.

5. Translunar or interplanetary injection (propellant boil-off occurs during

earth orbit).

For analysis purposes the above five phases will be considered as "'stages'" (i.e., N=5).

D.4.1 EXAMPLEI

Constraints:
5
1. Total mission ideal velocity constant 7 d(AV)j = 0
=1
2. Injection ideal velocity constant {d(AV)‘5 = 0}

3. Constant consumed propellant loading per physical stage.

Constraint 1 above implies that Equation (16) must equal zero, while constraint 2 im-

plies that Equation (10) equals zero for K=5. Constraint 3 implies

dw, = dWp = dw, = 0 (17a)
1 2 3

and

dw erwp = 0 (17b)




From Equation (16),

Jon, = @) e ) ) G o

i=1

PRI pRCIIRCORE

Factoring in constraint 1 and Equations 17a and 17b

- LYo )] @) e,

j=1fi=1

. <8AV> (aAV <8AV ) <8AV>
() ) ). ) o,

Making use of Equation (17b) the above equation reduces to

5 5 J
S ey S ]
—_— A AV -1 YY7
oo LG et 1| 2 G e
o sp j LT R D j
j=1 j j i=1 i
/
9AV BAV AV
+ 8W> > < W, dWD (20)
s

From Equation (10) (constraint 2)

< > a1 < > awy, + <g®v> aw,, @1)
p




Solving for dW

P 3
5
<8AV> <8AV>
oL, ] oW, i
dW. = - ——2 dI - —5 gw
P, <8AV > SPy <8AV > D,
oW, oW,

Substituting for dWP in Equation (20),
5

R pRCT

j=1]i=1

_ <8AV> <aAv> <8AV>

<8AV> <8AV > ]
o BW
— + ———2 dW, (22)
<8AV > SPy <8AV > s
oW, BW.,
L 5 5 —

All trade-off factors involving the weight or specific impulse of any stage with respect
to the weight or specific impulse of the same or any other stage can now be determined
from Equation (22). This is done by solving Equation (22) for the ratio of the two dif-
ferentials making up the trade-off factor, assuming all other differentials to be zero.

Payload is included in last stage dry weight.

Some specific examples of the calculation of trade-off factors are:

a. The ratio of first stage dry weight to last stage dry weight (that is,
payload).
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From Equation (22) retaining only dWD, and dWD among the differentials,

(o, [0, ) - 29 - D)

AV >
+ (——— dW
W, ] D,

F@Al i

AV
oW

[, o) - )

or, solving for the desired ratio,
(YN

@ ) - () -G - () @ﬁzﬁ ) - @)

D, <8AV>

The ratio of second stage specific impulse to weight of propellant boiloff in

Note that the boiloff propel-

lant must be considered as dry weight in this analysis due to constraint 3
the fact that all dW

23)

earth orbit (that is stage four "dry weight").

P's have been assumed zero in deriving Equation 22.

Also note that calculation stages two and three are both physical vehicle
stage two. Therefore when considering changes in physical stage specific
impulse, the change of specific impulse in all the calculation stages making
This,

is not true for dry weight and propellant changes since these

up that physical stage must be considered (that is, dIsp2 = dIsps)-
of course,
changes have been allowed for in the derivation of the basic equations by the

definition of the calculation stages.
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From Equation 22, retaining only dISp , DISp , and dWD among the

differentials 2 8 4

< gIAV> dIsp2 N <gIAV> <8AV> <8AV> <8AV>

sp

8AV>
+< dw = 0
oW ) D,

while from physical considerations

dI = dI

Sp2 Sp:3

Again solving for the desired ratio,

BAV

aAV <8AV >

2
- (24)
d WD4 aAv> <8AV>

c. The ratio of second stage specific impulse to fourth stage specific impulse.

From Equation 22 retaining only dI__, dI__, dI__, and dI among the
sp s sp sp

p
differentials, z 2 * °
N\ N
<3AV> dig, + <8AV> di,, <%IA—VJ i+ <8AV | d1
) J sp, ol ./ SPg
sp”, sp”
_(3AV
oL,
<8AV> <8AV> <8AV\ P s dI - 0
sav)  Ps
BW, /
L 5 .
while from physical considerations
dI = dI
sp, sp,
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and

dl = dI
sp, sp,

Solving for the desired ratios,

0AV
o1

/-\\I
2]
o]
U]\_/

24V

Gy) -|Gg) - GRy)

a1 = — (25)

sp BAV 8AV
4

Other trade-off factors can be calculated in like manner by considering

o
[/.\\
ol
b=l [ g
mv

other differentials. This is not as laborious as might be suspected at first
glance since the individual partial derivatives need only be calculated once,
and their groupings, the coefficients of the differentials, also need only be

calculated once.

D.4.2 EXAMPLE I

Constraints:
5
1. Total mission ideal velocity constant Z d(AV)j = 0
i=1
i =
2. Injection ideal velocity constant [d(AV)5 = OJ

Constant consumed propellant ratio among stages.

4, Constant second physical stage propellant consumed prior to LES jettison
(i.e., constant second calculation stage propellants, dWP =0).

5. Constant liftoff weight. @

D-13



From constraints 1 and 2, as in Example I,

(26)
and
(27
From constraint 4,
dwy, = 0 (28)
2
While from constraint 3
sz + WP3
R, = —w_ — (292)
Py
and
+
WP4 Wp5 |
R, = —xw— (29b)
2 WP
1
so that
RldWP = dWP + dWP = de (30a)
1 2 3 3
and
deWPl = dWP4 + dWPS (30b)

D-14




From constraint 5,

dWD + dWD + dWD + dWD +dw, + dWP + dWP + dWP
1 2 3 4 5 1 2 3
+ dwW + dWP = 0 (31)
4 5
Substituting Equations (28, 30a, and 30b) into the above equation,
dWD + dWD + dWD + dWD + dWD + dWP +0 + RldWP
1 2 3 a 5 T 1
+ deWP - dWP = 0
1 5
Solving for dWP s
1
- + +
(dWDl dWDZ dWD3 + dWD4 + dWD )
dw, = 2 (32)
1 1+ R, + R,
From Equation (27)
[ 9AV a1 + (2AV AW i
o1 Sp oW D
sp (] D ]
dw, = - 2 2 (33)
5 8_A1>
BWP
. -
Substituting the above into Equation (30b),
dAV dAV
(52) o, - (82) o
D 5 5
dW, = R AW, + (34)
4 1 <8AV>
oW
i s i
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Expanding the last summation of Equation (26), with constraint 1,

let
5
Z’ (aAV> <8AV
Sum =
Wp.
j= i= 1 I
then
/’aav> aAV (aw)
Sum = |l =—— dwW
\oW, i P

|5
._( D

_ . (22 > <8/_\V>

ey wgmny L) ) e,
‘( D N - C D/' D . \ p . 4

N aAv \ DAV aAv DAV aAv dw
m\ aw aw P,

Substituting Equations (28, 30a, 33, and 34) into the above equation,

(dAv > AV N, (0av DAV
= , +
Sum \aw dWp <\awD /. \aw <aw R, dWp,
< AV ( \ 24V \/ L (2av )
7 ! 7
D/, oWy oWp/ oW p,/4
e 3
N /7
0av 8AV
= 4+ | === 7
<81 ) digp Kaw dwp
~sp7 = D s 5
RdW, + \
T <8AV \
oW,/
5
. J

) <aAV A oav 2AV. 8AV 04V
B ow Wy W W,
1

DAV ) DAV
<aI ) alg, * <aw ) dWp,
sp = 5 D 5 5
E)AV>
oW
L P’s




Factoring,

o - { 0) - [l0) - 0 - ) ]

), -6 () - 80) | my
i <8Av> <3AV> (am) ]
(G80) o, - (82) o

. (35)

<1>

Substituting Equations (32, 35) into Equation (26), using constraint 1,

5

5 j
z (aAV) dI_ 3 Zl <—g—§%> - 1_+§1Q71§ dej
i i

(32%) ar,,, (ée,V\ awy,
p

| Gvy) - Gg) +GRE) || — ) o

Where Q is the coefficient of dWp in Equation (35). Equation (36) is comparable to
1

Equation (22) of Example I, and can be used to compute the desired trade-off factors
in the same manner as was done in Example I. R, and R, are given by Equations (29a,
29b) or can be assigned arbitrarily. By letting R, go to zero and retaining R, , the
case of constant propellant loading in the third physical stage and a constant propellant

loading ratio between the first two physical stages can be investigated using Equation (36).
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ABSTRACT
The Mark II Computational System is being designed and developed for the purpose of

prediction analysis. This User's Guide describes and explains how to use the computer

programs comprising Mark IIL.
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INTRODUCTION

This section describes:
a. The historical development of the Mark II System,
b. The current, general philosophy of the Mark II System,
c¢. The Mark IT Computer System,

d. A brief description of the current document.

HISTORICATL BACKGROUND

In August of 1964, work was started on a computer program which could predict the
weight of functional systems at some future date, The first model to be programmed
was a linear model whose parameters were estimated by maximum-likelihood estima-
tion. At that time, there was a small number of functional systems the weights of
which had to be predicted each month. Input data for each functional system was kept
on punched cards. As more data was received, the deck was simply enlarged to include
the new information. As long as there were only a few functional systems and a limited

amount of data for each, this mode of operation was quite satisfactory.

In December of 1964, the exponential model was introduced. About this same time the
computerized removal of nonrandom changes was initiated. With the increasing num-
ber of functional systems being processed, the card input of data was becoming cum-
bersome, To alleviate this problem, the Weight Data File (WDF) was created in
March 1965, The Weight Data File is a magnetic tape record of all the reported ob-
served weights, nonrandom changes, and other weight data. A program was written

to update the Weight Data File as additional information became available,

In order that running of the linear and/or exponential-model computer programs be as
easy as possible, a combination program was written in April 1965, This program
allowed the running of either or both of the existing programs, permitting a significant
reduction in the necessary control cards. The combination program, along with the
Update program and the Weight Data File, served as the core of the first system as-
sembled for the purpose of trend prediction. This first system, which was no more
than a loosely tied-together group of programs, was called Mark I and was completed
during April 1965,



Since Mark I was first introduced, it has undergone many revisions. New auxiliary
programs have been written and tied into this collection of programs. Two new trend

models were developed and programmed.

The Fourier model was developed in May 1965, and the logistic model in June 1965.
It soon became apparent that Mark I was becoming obsolete. Another revision was in
order and an entirely new system design was initiated in June 1965. The new system

was appropriately named Mark II.
The Mark II System is still in an evolutionary state, and will continue to be for quite
some time to come; however, enough of the initial concept formulation and sufficient

programs are completed to warrant the publishing of the first User's Guide.

MARK IT SYSTEM PHILOSOPHY

Mark I is a system of computer programs written for the IBM 7044 computer. These
programs operate as physically independent but functionally consistent units. Each
program in the system is designed for a specific task., Each may utilize output from
other programs in the system and from information stored in the Weight Data File.
The system operates under a monitor system, SPACE (an acronym for Subsystem
Processor for the Apollo Computing Effort), which handles communication between
programs. The system also provides a tape library of Mark II programs and has bi-

nary input/output (I/0) capabilities.

Most computer programs are designed to be run under contro!l of a supervisory pro-
gram or ''system. The advantages of these system attributes accrue from their ability
to provide standardized I/0 subroutines, as well as an automated means of executing

the desired program or sequence of programs.

The particular system attributes that were sought for Mark II were:
a. The I/O subroutines must be as efficient as possible, for large quantities of
binary data.
b. The I/O routines must provide a very convenient and flexible means of pro-
gram intercommunication.
c. The system itself must provide the capability of a program library such that
the desired programs for a production run can rapidly be called from magnetic

tape or disk file in any order.




SPACE, which operates as a subset of the 7040/7044 IBJOB Processor Monitor, was
chosen as the executive or administrative program for Mark II. The framework of
SPACE is centered around a collection of seven versatile I/0 subroutines. By using
these subroutines the programmer candisassociate himself completely from such prob-
lems as the physical aspects of retrieving or creating externally stored data, blocking/
unblocking logicial records, file positioning, synchronized CPU/channel overlap, and
the differences in the characteristics of recording devices. Thus he is permitted to

concentrate on his primary task - the internal processing of data.

A basic requirement of any executive monitor is to automate the running of a series of
data processing programs by calling these programs from a library tape as they are
needed. This requirement necessitates the SPACE user to create his own library by
employing the chain feature of IBLDR. Enhanced by these facilities, the objectives of
the monitor may be outlined as follows:

a. To create data files on a given I/O device with the ability to randomly access
any of these files.

b. To enable "data-sharing" capabilities whereby files of output data from any
program(s) can serve as input data to any later program(s), either within the
same job or not.

c. To provide a framework around which systems of data processing programs
can be developed. Once data is available in the standard SPACE file format,
the whole range of previously written programs is available to process it.

d. To provide a flexible means of program intercommunication.

Since we have a monitor system specializing in a library of intercommunicating pro-
grams, we can build Mark II as a series of programs rather than just one program.
This modularized concept is very desirable for many reasons three of which are:
a. Each program can be written as efficiently as possible without worrying about
interfering with other program areas.
b. Many programmers can work on Mark II permitting many programs to be
written in a short span of time.
c. New capabilities can be easily added to Mark II by replacing the affected pro-

grams by new ones or by adding new programs to the series.



MARK II COMPUTER SYSTEM

An examination of the weight trending problem indicates that the operations fall into
one of four groups:

a. Program Control.

b. Input Data Processing.

Trend Prediction.

8 o

Output Data Processing.

These groups are functionally dependent in that any one group depends on another for
instructions, input data, output data, etc. The basic logical structure of the Mark II
system is illustrated in Figure 1. The four functional components are indicated to-
gether with the important data links.

Program Control

This group is the most sensitive of the four. Often referred to asthe monitor or exec-
utive routine, it has the responsibility of accurately interpreting theuser's instructions
and of providing the required output. It establishes the proper sequence of operations

for each job to be run and then monitors the resulting execution. It efficiently handles
the flow of large blocks of data into and through the computer and communicates with

all programs in the system.

The user, having decided on a sequence of operations, turns control over to the mon-
itor. Thereafter, the monitor functions much as a bookkeeper. It executes programs

in a specified order and keeps track of all data generated by individual programs.
When the sequence of operations has been completed, the job is terminated. Notice
that the user has the flexibility of performing a long and involved analysis study or

making a series of several short computer runs each with a specific goal in mind.

Input Data Processing

Input data may be classified as:
a. Functional System Weight Data.

b. Instructions.

Functional System Weight Data is a complete history of the weight data for a given
functional system. This data includes time points, Estimated, Calculated, and Actual

(E/C/A) weight percentages, nonrandom weight changes, shipping date, etc. The

4
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historical weight data is stored on magnetic tape and is updated monthly or whenever
a weight change is received. This involves the extraction of raw data from reports,
graphs, charts, etc. and the preparation of such data for the computer. Input data
cards must be punched, and when all the raw data has been reduced to data cards, the
cards are processed by a computer program which performs data consistency checks
and then updates the weight data file. Thus, the entire history of weight data for each
functional system is stored on magnetic tape. This history data file will be called the
Weight Data File (WDF).

A second type of input data is classified as input instructions. It includes operating
instructions and sequencing instructions. For example, the user must specify what
particular trend prediction programs are to be executed for each functional system.
He must also specify which auxiliary programs, if any, are to be executed, and the

order in which these auxiliary programs are to be executed.

Trend Prediction

Four prediction models are currently available in the Mark II Computer System:
Maximum Likelihood Linear.

a.
b. Maximum Likelihood Nonlinear.

o

Adaptive (Fourier) Exponential.

d. Asymptotic (Logistic) Exponential.

Each of the models operates in the same general manner. The weight data for the
given functional system is moved from a temporary storage location to a working stor-
age area. Here it is prepared for the actual trending operation by removal of non-
random changes and normalization of any outliers. This pretrend data preparation is
dictated by the user, and the appropriate instructions are entered into the computer

as input instructions. Once the data has been prepared for prediction analysis, pro-
gram parameters are computed and the mean trend line is determined. Posttrend
operations are now executed, and include computation of the prediction lines, calcula-
tion of confidence limits, and the introduction of E/C/A effects inthe prediction range.
The entire set of weight data, to include history data and predicted data, is stored on

magnetic tape for future reference.

Qutput Data Processing

The output data processing programs perform various computations onthe trended data

in orucr to provide the most timely output for the user. Tabular listings and plots of




each functional system that was trended during the computer run are presented. An-
other program computes the total weight of a spacecraft or launch vehicle from the
individual functional systems which comprise the spacecraft or launch vehicle. Other
operations in this area include:

a. Computation of probable errors.

b. Analysis of trade-offs.

c. Scheduling computations.

d. Cost data processing.

The result of this group of programs is a set of tabular data, graphs, and charts which

present a complete picture of the current weight status of a launch vehicle or spacecraft.

Figure 2 presents, in elemental form, the concepts discussed above. Here, the ele-
ments for Prediction Analysis have been arranged in five groups:
a. Monitor and Executive Routine.
b. Data File Library -~ WDF.
Pretrend Data Processing.
Trend Prediction.

e. Prediction Output Processing.

PURPOSE OF THE CURRENT PUBLICATION

This document, as published today and as will be subsequently updated, will serve as
an up-to-date description of the programs and capabilities available with the Mark II
System. Each program currently incorporated in the system will be represented by
a section containing the following information:

a. A brief word description of each program.

b. A pictorial representation of the output tape written by the program or typical

printed output from the program.
c. A flow chart.

A computer program listing.

REVISIONS

As new programs are added or as existing programs are modified, revisions will be

published documenting these additions and revisions.
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Reference No. 54,0
Issue Date 23 Dec 1965
Supersedes New

EXECUTIVE CONTROL - 54S (SPACE)

Overall control of the Mark IT Computational System is maintained by the executive
program, SPACE, which operates as a subset of the 7040/7044 IBJOB Processor

Monitor, The user is referred to the Appendix for a complete description of SPACE,

The link structure of the complete Mark II System is presented on Reference No, 54.5
Notice that the first link is the SPACE link while the very last link is the Utility link.
Since the Mark II System operates by loading the specified program link into core
storage from the Mark II library and by executing the specified program, the inputdata
deck consists of a link card, followed by the input data for that program. Program
data decks are stacked one behind the other in the order in which the programs are to
be executed. The remainder of this section will be devoted to presenting several ex-

amples of job deck "set-ups'.



Reference No. 54,1
Issue Date 23 Dec 1965
Supersedes New

EXAMPLE 1 - It is desired to run the trend prediction programs on the specified func-
tional systems, the History Plot Program, the Summing Program, and the Probable

Error Program. The complete input deck would look as is shown below:

CARD COLUMNS

1 8 72
REELS R 691 NOLABEL R 692 NOLABEL R 693 NOLABEL
A R 84 NOLABEL NOTYPE *

r MAIN  *
1122101 X X X X 1.00 1
1122103 1122106 X 1
B < 1234113 X 3
1234116 1234119 X X X  1.00 1
1234162 X X 1.00 2
g END

a MAIN *
1122100

C
1234100
HIS

suM  *
1122100 2 12 1965 2 *
1122105 1. TREND
END *
D< 1234100 1 12 1965 2 *
1234116 846.3 7.8
1234118 4. TREND
END *
Y END OF SUMS  *

(~ RSS *

MISION 105 12 65 *

PARTS 1122100 L/V FACTOR .185  *
E< PARTS 1234100 L/V FACTOR .810 *
ENDCSE *

g END RSS *

v




Reference No. 54, 2
Issue Date 23 Dec 1965

Supersedes New

The data deck listed above will perform the operations specified in the example heading.

In particular, the following items should be noted:

Packet A, which consists of the " Reels" card, must be the first card in the
input deck, For this example, the results of the linear program would be
written on reel 691; the results of the nonlinear program would be written
on reel 692; the results of the Fourier model would be written on reel 693;
and the results of the logistic model would be written on reel 84,

Packet B consists of those data cards which are necessary to run the trend
It should be noted that the link card is the first card
of this package and is followed by the data cards required by the Main Pro-~
gram (GOODE).

Packet C consists of those cards necessary to run the History Plot Program.

prediction programs.

Packet D consists of those cards necessary to run the Summing Program,
Packet E consists of those cards necessary to run the Probable Error

Program,

The following points should be noted concerning the job deck setup:

The " Reels" card is the first card in the deck.

Each packet consists of a link card (which acts as a trigger to SPACEto call
the desired link into core storage from the library and to begin execution)
and the program input data, For a complete description of the program input
data the user is referred to the individual program descriptions.

It should be

remembered, however, that the Summing Program (SUM) and the Probable

The individual programs may be run in any sequence desired.

Error Program (RSS) require the output of the Trend Prediction Programs.

Thus, any of the following sequcnces of packets would be acceptable:

I - A
Q QO w 'UJ = .Ud o
W W = ‘U &1 'U Q
= O Q -O o .Bj =
O m O "m @ 'O o

-
-
-
-

EXAMPLE 2 - Run the Trend Prediction Programsonly, The sequence A, B will per-

form this operation.



Reference No.
Issue Date 23 Dec 1965 -
Supersedes New

EXAMPLE 3 - Run the History Plot Program and the Trend Prediction Programs. The’

sequence A, C, B will perform this operation.

EXAMPLE 4 - Run the History Plot Program only. The input deck appears as:
CARD COLUMNS

1 8 72
REELS *

1122100

1234100
HIS

NOTE
The ""Reels" card contains no reels information since it is not
necessary to mount the trending tapes; however, this card is
still necessary.

EXAMPLE 5 - Run the Summing Program only. The input deck will be as:

CARD COLUMNS

1 8 72
REELS R 691 R 692 R 693 R 84 *
SUM 3 3 2 2 *

1122100 2 12 1965 2 %
1122105 1. TREND

END *

1234100 1 12 1965 2 x
1234116 846.3 7.8

1234118 4. TREND

END *

END OF SUMS *

NOTE

The "Reels' card contains the reels numbers of the tapes upon
which the linear, nonlinear, Fourier, and logistic results have
already been written, The link card (card No. 2 above) con-
tains the integers 3 3 2 2 which represent the numbers of data
files written on each of the four trending tapes.




Reference No. 54,4

Issue Date 23 Dec 1965

Supersedes New
EXAMPLE 6 - Run the Probable Error Program only,
CARD COLUMNS

1 8 72

REELS R -1 R-2 R 693 *
SUM 22 *
MISION 105 12 65 *
PARTS 1122100 L/V FACTOR .185 *
PARTS 1234100 L/V FACTOR .810 *
ENDCSE *

END RSS *

NOTE

The ""Reels" card contains two ""scratch' reels (see SPACE
Reference Manual) and reel 693 which contains the results of
the Fourier model which has previously been run, The inte-
ger 22 on the SUM card (card No. 2) is the number of data
files on the Fourier tape.

Note that the Trend Prediction Programs and the History Plot Program must have the
Weight Data File (WDF) advance mounted. The symbolic address should be U07 with
a file identifier FTCO1,

The following programs are not run under the control of SPACE but are run as separate
jobs independent of SPACE:

a. Update Program (66S)

b. Decision Relevancy Program (64S)

c. Cost Program (65S)

The job deck setup and necessary control cards to run these programs are described

in the individual program references.



Reference No. 54.5 .
Issue Date 23 December 1965

Supersedes New
$IBLUR SPCBS pn4s10/6% e SPIH0UD1
$]BLDR GOOCH 09/25/65% _. L L GQIC0yO1
$IBLDR TITEL  10/20/65 . o TiTelubl
$IBLDR INDIFE 10/20/65_ INDIOUEGY
$IBLDR FLIP 09715765 . o FLiPNUNl
FSENTRY
$LINK  MAIN e
$IBLDR GOODE  10/14/65%
$IBLDR GETDAT 10/14/6% o _ GETNNUO1
SIRLDR VORML< 10/147/6¢5 NURIMOOU
$IRLLUR LPMI 03/25/6% DPulO0UNL
$IBLUR UPMI1 03725765 DPYINUDL
$ENTRY S e -

SLINK #9258 pPMIt

$IBLDR LINEAR 10/26765 Live0ull
$ENTRY e e

SLINK S7s LINEAR

$IBLDR NONLNR 10/267/65 NONLOuUDL
$ENTRY o e i

SLINK 98§ NONLNR

$18LDR FOURWR 10/26765 FOJrOULOL
SENTRY o - .

$LINK 909y FOURNR

$IBLDR LOGMOD 10/26/6Y Lo3nnulL
SENTRY - - i

SLINK OQUTPT  LOGMOD

$1BLDR QUYPUT 10/25/6% QuUTPIUUL

$IBLUR UMPLOT 03704765 L UM, 0001




FENIRY
$LINK

$1RLNR
$IRLLR
$ENTRY
FLINK

FIBLDK
$ENTRY
FLTiVK

$£JRLUR
$IRLDR
$IRLUR
FIRLLR
FENIRY
FLINK

$IBLOR
$ENTRY

$ENDCH

HIS
f1STRY

JMpPLnl

am

SHMT w3

RSS
RFEPORT
FRAICES
PRINT

sPATA

GTLITY

JTLKS

ouTPul
10775745

L3/04/4%

HISTRY

11/30763

SUAlNG

17/187653
10/19/48%
11718765

0h/2676%

04s10/7¢%

Reference No. 54.6

Issue Date

23 December 1965

Supersedes

New

HIST0J0]

UM Nuil

Suv; vl

Re20NJil
PRILMILL
PRT OUUL

Bpa10ull

UT 0wl



Reference No. 95.0

Issue Date 23 Dec 1965
Supersedes 13 August 1965

CONTROIL PROGRAM - 558 (GOODE)

This program is the Control Program for the Trending System. It calls any or all of
the four trending methods, the Output Routine, and the History Plot Routine, including
any associated subroutines. The main job of this program is to set up the necessary
instructions to process the functional system assemblies through the various trend
prediction models. GOODE performs all of the input functions for the dependent pro-
grams. The data cards are read in one by one, analyzed, and stored in core storage.
They are then sorted into an array of ascending case numbers to avoid the expense of
constant winding and rewinding of the data tapes to match the cases with the files. The
cards are analyzed one by one, and the arguments are prepared for the desired trending
method(s). GOODE also retrieves the necessary trending information from the Weight

Data File and stores this information into a working location in core.

At this time the card image is scanned and the desired trend prediction programs are
called and executed. At the completion of execution of each trend prediction program,
control is returned to GOODE which determines if all the required prediction pro-
grams have been called and executed. After all prediction programs for that card have
been executed, the next card image is processed in the same manner. When all the
input data has been processed, GOODE calls the Output Program which reads the four
binary files generated by the prediction programs. At the completion of the Output Pro-

gram, control is returned to SPACE.

If the History Plot Routine is to be used, the cards are stored and sorted in the same
manner as in trending. The trending methods, however, are bypassed and the His-
tory Plot Program is called. The History Plot Program prepares its own output.
When GOODE is through processing all of the case numbers, it simply returns control

to SPACE directly, bypassing the Output Program.




Reference No. 55.1

Issue Date 23 Dec 1965

Supersedes 13 August 1965

GOODE accepts two basic types of input which must be in the following forms:

INPUT FOR TREND PREDICTION ANALYSIS

Columns
Program Indicator - Used Only on the
last card of the deck 1-3 } Punch "END"
Starting Case Number 4-10 7 digits (integer)
Ending Case Number (Optional) 12-18 required.
Programs or Trending Methods on which data is to be run
a. Linear (56S) 20 Y
b. Nonlinear (57S) 22
c. Logistic Model (598) 24
. Indicated by an "X"
¢ Optionl 26 > punched in the column.
® Option 2 27
® Option 3 28
® Option 4 29
® Program Maturity Factor o 31—34} Number with decimal
point punched in Col-
umn 32.
d. Fourier Model (588) 36 } Indicated by an "X"
punched in the column.
®  Weighting Factor « 41—44} Number with decimal
point punched in Col-
umn 42,
e. Normalization Factor 46 } Integer 0, 1, 2, or 3 to

indicate option.
® See NORM 12 (6fS)

INPUT FOR HISTORY - PLOTS

Columns
Program Indicator - Used Only on the
last card of the deck 1-3 } Punch "HIS"
Starting Case Number 4-10 } 7 digits (Integer)
Ending Case Number (Optional) 12-18 required.
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Example of Trend Data Deck

CARD COLUMNS

1—4 12 20— 22—24—26—27—28—-29—31——36—41 46
0611903 0611909 X X X 0.85 3
0651426 X 1
0651427 X X 1.00 X 1.00 1
0651436 X X X X 1.00 3
0651437 0651449 X 2

END

Card 1 tells GOODE to trend all of the cases on the WDF from 0611903 through 0611909
by the Linear Prediction Model and also by the Logistics Model with option 3, and
using an alpha of 0.85 for E/C/A effects over the observed range (see Logistics, 59S).
The final piece of information is a normalization option of 3 (see NORM 12) which is

used for all trend programs selected on that card.

The END card signifies the completion of the trend data deck.

Once GOODE has processed the above cards, control is passed to the Output Routine

which after its processing is completed passes control to SPACE.

Example of History Plot Data Deck

CARD COLUMNS

l—4—12
0611900
0651000

HIS

The above data deck setup would produce History Plots for the modules 0611900 and
0651000, and upon completion, control would be returned to SPACE.
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Read Card and
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Numbers and
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Next Block of Data
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Rewind
Tape
(WDF*)

Yes

Call Space

«<=>
—

Cammn

!

|

!

!

-

the Completion
f History Plo
?

Call Qutput

=t

Call Space )
N e — —./

Linear

Non-linear

Fourier

Logistics

History Plot

!

!

!

!

'

*WDF is Weight Data File.
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LioTsekuF
RLLLoswu (T

COMMON /ALCESS/ Hulluw)swuCiselul12)sPROG

COMMON /5Yolem/ NIAPEOsRLELS(ULID) sCNITRLS (15 sFILES(LIY)sLRO(LIY )
1 POS(15) s TRLPUSELIS)9RWCENT (15)sUNITOL(15)

COMMON /PHILE/NFYLE (45300)sNFY (4)

COMMON /PPUG/ ACTUALI(100) » CALC (1eew) 9 LOT (10U} » CUM (12)
1 LSQR  (100) » MEAN  (100) » MCUNF (100) o UW2 (1UU)
2 MSQR  (100) » PCUNF (10C) o S1 (10U)y » 52 (Lov)s
3 TIME  (100) » wilodAT(luv) » oJyY (luuy 9 [1TLel9)
4 N s NTOT

COMMON /BLUCKR/  NCAst (1U) » THETLL(9U) » AAA (150) » NANUMILU) S
1 ToLOCK(3UuU)sy WwoLUCK(3uulsy cDLLUCK(30U) o mNivur (1u)oe
2 COLOLK(30u)s ALLUCK{3UU)y oolLUCK(I30U)

COMMON /LUGLS/ KEuP(4) sALP

COMMON /SIXS/LEEP(2) sHALP
COMMON /5TT1/nN21sD19D29J1IRUN

COMMON /HHP /Z/TOFT s JGPT o KCPT s wnPATH

DIMENSTON CINP(40GL) »NINP (40009

DIMENSTION  AA2(20)sT2(9) s TIMEZ(IU0) 9wl {1UU)sEST2(100L)»CALC2(1UT)
1 ACT2(102)902(100)

UIMENSTON
EQUIVALENCE

L1t5)ysCLILT(5)
(CINPsNINP )

DATA L/v/
VATA TILI/Z4nTILT/Zsnu/3nLinv/solLAnN/ LR/
UATA CLIoT /3H50093HD 7L 9300909 5HOG o 3nHI O/
DATA CLISP /5HOUTPT/
DATA ININE 79/
INTEGER CASENOSTILT
[B=C
IF{ L «NEe 0 ) GU TO 412
390  1=1
400 K=2C0¥(1-1)1+1

RLAL (S5 s4uUu)

JCINPIN+S ) s CUNFIR+O) s CINPINT T ) s CLinvP IR+0 ) s CIINFIN+9) s CINPIN+L V) s

ZCINPIK411) s CINPIR+12) 9 CINPIR+13) s CINPIK+14)

XPY2oNINPIN)onTNPIR+L) o CIHNFPIR+2) s CINPIR+3)sCInPIR+G)

Geul FORPMAT (A3 9l 79l XTI 79 1XR1lesl XAl lXnlelXGalelXFrGedsXnLslXcnleolXrdecs

1 - IXsIl)
IF (XPYZ enNGe CLIOT(5)) oV Tu 4uuid
I[1v = T -1
DO 2ve LOV=1sI11V
KL = (20 % (LOV-1)) + 18
NINP(KL) = 5.
200 CONTINUE
GO TC 401
4001 IF (JPYZ eLuwe CNU) o TQ 4n1
[=1+1
GO TO 400
401 IMAX=1-1
READ (1) N21sulsD/Z
CALL SORT(CINPsIMAXsZ2usl)
L=1
403 REAL (1)

CASTNUINA2 sin2 swhHUAC Y (AA2 L] ) s l=Ysiva2) s T2l imuctl)sl=lons)
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1o {W2(I) el =1sN2) e (EST2(I)sI=1sN2)s (CALC2(T)2I=1sN2)s (ACTZ(I)s]=1snng
21e(B201)YsI=1sN2)
IF (CASENU ele TILT) GO Tv 408

4u31 IF( CASLNU «LTe NINPIL) Gu TU 4U3
IF( CASENO elude NINP(L) ) GLU TU 4Us
IF({ CASENO obbte NINP(L+1) ) GU Tu 4u4
GO TO 408

404 IB=Ib+1
IF( IB «GTe 1luv ) GO TO 408
NCASE (1B) =CASENO
NANUM( 1B)=NA2
NNUM(IB)Y=NZ
Ki= 15%{IB-1)
DO 4ub 12=1sNA2
K1=K1+1

405  AAA(KL)=AA2(12}
Kl=9%(I18-1)
DO 4ub 12=1+9
K1=KI+1

406 TTITLE(KL)=T2(12)
Kl=3u*(IB-1)
DO 407 12=19N2
K1=K1+1
TBLOCK(KL)y=TIME2(12)
WBLOCK(K1)=w2(]2)
EBLOCK (K1)y=kST2(12)
CBLUCK(K1)=CALCZ2(12)
ABLUCK (K1)=ACT2(12)

4.7 bBLUCKIK1Y=pl([2)
GO TO 4u3

408 NTOT=1Ib
K=L
IF( NTCT 0Te 10 ) NTOT = 1o
DO 4081 J9=1,5

4081 L1(J9)=0

[F (XFY2 oNce CLIST(5)) GC Tu 4u8Z
IF (NINP(K+17) oNLe 0) L1(5) = 5
GO TO 412

4082 [IF (CINP(K+Z) eNbEe DLANK) “1(ly =1
IFC CINP(K+3) oNEe DLLANK 1} Li(2)=¢
KOPT=NINP (K+14)
IF( CINP(K+4) sbuwe wLANK ) ov Tu  &4i0
L1(3})=3

CO 4uY J3=19+4

KEEP (J9)=0

KPOINT= K+4+J9

IF( CINP(KPUINT) eivb e BLANK ) NbeP(J9)=09
4C9  CONTINUL

ALP=CINP(K+9)
410 I[F( CINP(K+1uU) eLuWe DLANK ) Gu TO 412

Ll{4)=4

DO 411 J9=1s2

LEEP(J9)Y=0
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KPOINT=K+10+J9
IF( CINP(KPOINT) oNEe BLANK ) LEEP(J9)=J9
CONT INUE

SALP=CINP(K+13)

DO 413 J9=1s>

IF( LI1(J9) etlUe U ) GO TO 413
NPATH=L1(J9)

ARG=CLIST(NPATH)

L1(J9)=0

CALL SPACL(ARG)

CONT INUE

L =L + 20

Lk = (L-1)/29

IF{ IMAX oNEe ILL )} GO TO 4031
REWIND 1

L=0

IF {XPY2 escide CLIDT(5)) ChAil YPACL
CALL SPACL (CLISP)

cND
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MAXIMUM LIKELIHOOD LINEAR - 568

The program fits a straight line through a set of observations Wi made at time t. by

i
the method of maximum-likelihood estimation. Inthe underlying model, each obser-
vation Wi is considered an independent and normally distributed random variablehaving

mean Yi and variance criz. The mean is assumed to change linearly with time

Y. = a + bt.
1 1

and the variance of the i-th observation is assumed to be

0% = §%¢° [A.z + r°Cc% +r 2E.2]
1 1 1 1 1 2 1
where:

= intercept of mean.

= slope of mean.

fraction of Wi which is measured.

= fraction of Wi which is calculated.

B O » T e
I

= fraction of Wi which is estimated.

wn
1l

relative standard deviation of the measured weight.

r S = relative standard deviation of the calculated weight.

=
)
i

relative standard deviation of the estimated weight.

It should be noted that individual observations Wi are weighted depending on the weight
breakdown and depending on the ratios r, and r,. The choice of these ratios is left to
the user; in line with the model, they should be r, = r; = 1. Theeffectof the weighting
is to consider observations with a greater amount of measured or calculated weight as
more significant than others. r, and r, are functional system parameters, and at the
present time, are part of the History data for each functional system. Suggested

values are r; =2, r, = 5.

The maximum-likelihood method yields estimators /a\t, B, and S of the parameters a,

b, and S. The estimator of the assumed mean line
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is the predicted weight or curve fit. The 95 percent confidence interval is also com-~
puted. The confidence interval is a function of Sand is based on small sample methods

using Student's t distribution.
Input to 56S consists of a case number and its associated weight data. This input is
specified on a data card which is read by the Control Program 558. For a detailed de-

scription of this data card see program 558S.

The output consists of a file of data as is described on the following page.
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TITLE9

TIME 1

TIMEN+P
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UW21
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label identifier

file number

date file was created (MMDDYY)
BCD name of program

size of logical records within
the file

control word for SPACE
case number (integer)

month in which first data point
was observed (integer)

year of first observation (integer)
number of observations (integer)
number of predictions (integer)
code word

case title

time points

normalized weights

estimated percentages
calculated percentages

actual percentages

nonrandom changes #1 (buyoffs)
mean trend line

+95% confidence limits
nonrandom changes #2 (outliers)
observed weights

prediction line
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SIBFTC LINEAR LISTsRLF

INTEGER RECLO

INTLGER  CASLNOsP o PMUNTHSPYCARSYLAR

REAL LOWRIMEAN ¢ MCUNF g MOWR

COMMON /ACCESS/ HCL10w) 9wDCT 310U 12)9PROG

COMMON 7/5YSTen/ NTAPLDQRLELbllb)9CNTRLS(15)9FILED(15)9LRJ(]5)v
1 POS(15) s TRLFOSI15) s RWCNT(15) sUNITH(15)

COMMON  /PFILe/ NFEYLE(4300) sNFY(4)

COMMON /PPOG/ ACTUAL(100) s CALL (10C0) 4 £5T (100U) » CUM (12
1 L5QR {1CCY s MEAN (100) » MCONF (10UC) » UwWZ (10uU) s
2 MSQR  (10C) s PCLUNF (1C0O) » S1 (107) & 52 [ EVIVE Y
3 Tlme (1Uu) s welonTllGuy » LUY (lov)y » T1iLLlg) »
4 N o NTOT

DIMENSTION STUDNT(31)
cQUIVALeNCL (TOMEL) o PMUNTH) s (CUMI2)sPYEAK) s (Cun{3)sraunTH)s

2 (COM{4) s YEAR) y (COM{5)9R1) s (Curtl6)yix2) ’
3 (COMET7YsASUBPY » (CumiB)siioUBP )y (Cumi9)sCouLP) s
4 (COM{10) sNSUBP)

DATA  STUDNT  /12e70694e30393e18292e7763269T1 024479243699 ¢e3ubs
1 2026292e228920¢01 9217992016092l 592el31l0cellus
2 2¢110U 9261019200 9392eC8632eUBUr2eUTU32406G92e004
3 2eUB0 920509200029 2e04892 0B 3500429169607

DATA  NPROG/3HLIN/

DO 1300 11=1sNTUT

CALL GETOAT(IPSWTsI1sCASLNU)
BPRIM = U,0

CPRIM = 0,C

EPRIM = U,0

FPRIM = U,C

DO 1(5C 1=1sN

BPRIM = BPRIM + TIML(])

CPRIM = (CPRIM + TIME(])*%2

EPRIM = EPRIM + WEIGHTI(I)
1050 FPRIM = FPRIM + WEIGHT (L)Y ® TIME(])

VDPRIM = FLUAT(N) ¥ CPRIM - oPRIM#*#2

ATWIST = {ckPRIM¥CPRIm = OPRImMLPRIM)Y/LPR] M

BTWILT = (FLUAT(IN)I¥*FPRIM — OPRIM*CPRIM)/UPRI™

DO 1057 1=1sN

LSQREI) = ATWIST + BTwlsT#llmMe(])y
1057 MSQR(IT) = LOWK{I)*¥%¥2 ¥ (ACIVAL(T)*¥2 + R1¥%¥2 % CALC(])%%2 +

1 R2*#2 % EST(1)*%2)

ITERAT = 3
1062 A = 0.0

g = 0.¢C

C = 0.0

E = 0.0

F = 0.0

DO 1G74 1=1sN

A = A + 1.0 7 MSQR(I)

B =B + TIME(]) / MSQRI(I)

C = C + TIME(])*%2 / MSQR(I)

E = E + WEIGHT(I) 7/ MSQR(I)
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g

1074 F = F + WEIGHT(I) * TIME(I) / MSQRI(I)
D = A#C — 3%%2 -
AHAT (E*C -~ F#B)y / D
BHAT = (A%F - B¥E) / D
DO 1102 I=1sN
1102 MEAN({1) = AHAT + bHAT*TIMEC(I)
ITERAT = ITERAT - 1
IF (ITERAT oEQe 0) GO TO 1114
DO 1111 I=1sN
1111 MSGR{T)Y = MEaN(])#*2 * (ACTUAL (T )%%2 + RI*%¥2 % CALC(])*%2 +
1 R2¥#2 * EST()1%%2)
GO TO 1062
1114 NPLUST = N + 1
NPLUSP= 12*{PYEAR - YEAR } + PMONTH - MUNTH +1
K85=TIME(N)
P=NPLUSP-K85
NPLUSP=N+P
IF( IPSWT s0Te 6 ) GO TO 112y
DO 1124 K=NPLUSIsNPLUSP
ESTIK) = EST(N)
CALCIK) = CALCIN)
1124 ACTUAL(K) = ACTUAL((N)
GC TC 1lle4
1125 [F( NSUBP «Nce v ) GO TO 1143
0O 1140 X=NPLUSL#NPLUSP
ESTtK)Y = CSUBP
CALC (X)) = BSUBP
11430 ACTUALIK) = ASUBP
50 TC lléesa
1143 00 1146 =NPLUSLsNPLUSP

EsT(n) = (CounP = zofiny) #* FLUATIN=v) /7 FLOAT(P) + ol
CALC(KY = (ooubP — CALCINY) * FLUATIN=N) / FLUAT(P) + CALC(N])
1146 ACTUAL(N) = (ASUBP-ACTUAL(N)) * FLUATINTN) 7/ FLuAT (1) + ACTOAL W)

1164 UG 1167 R=nPLJISLINPLUSP
TIMEtK)Y = TIME(K-1) + 1.C

LSGRIIK) = ATWIST + BIWIST * TIMI(K)
1167 MEANIK)Y = AlaTl + CHAT % TIMEBE(K)
SUM = (e
ODC 1173 I=1sN
1173 SUM = Som + (WEIGRT{1) = esitaN(Iy)®%2 /HMLUWRI])
RHO SGRT(Lleu/FLUATIN=-2) *0uUi)

K =N -2
IF (+ «CTe 31) K = 31
00 1215 1=1sNPLUSP
= RHU #* MEAN(T) % Sulkl (ACTGAL (L) #*%2 + CALC L) ®3yp
1+ EST(l)*x%2)
ALPHA = (C - 5 = TIME(I)y / D
ALPHA2 = ALPHA®%2
BETA = (A * TIME(I) -B) / D
BETA2 = RETA%¥2
ALPHAA = ALPHA2 % A
BETAC = bETA2 ® C
ALBEB?2 = Z2eU ¥ ALPHA * BrTA % O
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(3} 31] 341

HIH

S2(1) = RHO * SQRT(ALPHAA + BETAC + ALKLE2)
DENU = STUDNT(K) * SQRT(S1(L1)*%¥2 + S2([)%%2)
1215 PCONF(I) = MEAN(I) + DENO

NFY(1l)y = NFY(1) + 1

NF1 = NFY(1)
NF11=1SIGN(NF1,REELS(1))
NFILE=RCELS(1}*1000 + NF11
NFYLE(1sNF1) = CASENO

DIFRC = UW2(N) - MEAN(N)
DO 1216 [wW=NPLUS1sNPLUSP
WEITGHT (IWw) = MEANCIW)

1216 Uw2(Iw) = wetloHT(IW) + DIFRC
ID(7)=CA5cNC

ID(8)= MONTH
ID(9)= YEAR
ID(1C)Y=N
ID(11)=P

ID(12)=NPROG

CALL ABCUTI1(NFILES1)

CALL ABUOUT2(NFILESTITLE 9}

CALL AcUJTl2({nNFILEsTIMosNPLUDP)

CALL AbUuUT2 (NFILuswbIGHT 9NPLUSP)

CALL ABOUT2(NrILEscSTsNPLUOP)

CALL ADbOUT2(hrILEsCALCINPLUSP)

CALL AcCUT2 INFILESACIUVAL sNPLUSP)

CALL ADCUT2(NFILEsSBUYsN)

CALL AQCUUT2(NFILEsMCANSNPLUSP)

CALL ADBOUT2(NFILEsPCUNF yNPLUSP)

CALL ABGUT2 (NFILEsMCONF sNPLUSP)
217 CALL AcwuTZ (NFILos Uw2s NPLUSP)
1280 CONTINULE

CALL GoCDE

END
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MAXIMUM LIKELIHOOD NONLINEAR - 578

The data available for curve fitting consists of a set of observations Wi made at time

ti' The expected value of Wi is assumed to be an exponential function of time,

—cti
E{Wi}=Yi=a—be c > 0

where a, b, ¢ are parameters to be determined. So that the curve will approach the
value a asymptotically, c has been restricted to positive values. A range of ¢ values
has been established, and for each ¢ in the range, a curve of the above form is fit to
the observations Wi by the method of maximum-likelihood estimation. For each curve
so fitted, values of a and b are determined, and the natural logarithm L of the likeli-
hood function is computed. When all ¢ values in the range have been exhausted, the
maximum L is determined through inspection, and the corresponding values of a, b,

c are the desired parameters.

The analysis and further assumptions used in the model were identical to those in the
linear model described in the previous section. The maximum-likelihood method
yields estimators 3, IA), S of the parameters a, b, S while ¢ is determined from empir-
ical considerations. The estimator of the assumed mean line

-ct.
i

?. zg—be
i

is the predicted weight or curve fit. The 95 percent confidence interval is also com-
puted. The confidence interval is a function of S and is based on small sample methods

using Student's t distribution.

The range of ¢ values established within the program limits ¢ to the following values:
¢ = k(.001) k = 1,2, ..., 2000

Thus the greatest value that ¢ can attain is the valuc ¢ = 2, while the minimum value

of ¢ is the value ¢ = .001. When c = 2, the exponential very quickly approaches the
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asymptote a. For example, if ¢ =2, t =5 then

-cti
Yi = a - be all i
Y. = a - b(.000045) i = 5
Y = a i = 5

1
For any value of ¢ > 2, this same phenomenon occurs even more quickly and since the
curve is essentially the constant Y = a, no loss will result by restricting ¢ = 2. Like-
wise, when ¢ = .001, the curve resembles a straight line with a steep slope and will
exhibit no exponential trend until the value of t becomes quite large. For example if
¢ =.001, then the curve will not exhibit the same tendencies as that shown in the pre-
ceding example until t = 10, 000 months. For 0 < ¢ < .001 this phenomenon is even

more pronounced. Thus, it does not seem unreasonable to restrict ¢ tothe above values.

Input to 578 consists of a case number and its associated weight data. This input is
specified on a data card which is read by the Control Program - 55S8. For a detailed
description of this data card see program 55S8. Output consists of a file of data as is
described on the following page.



1D,
RECORD

FILEID
FILENO
DATE
PROG
LRS

v
CASENO
MONTH
YEAR

N

P
NPROG

TITLE1

TITLE9

TIME 1

TIM]EIN_‘_P

WEIGHT1

WEIGHT

PRED:l

PREDP

FILEID
FILENO
DATE
PROG

LRS

v
CASENO

MONTH

YEAR

N

P
NPROG
TITLE
TIME
WEIGHT
EST
CALC
ACTUAL
BUY
MEAN
PCONF
MCONF
uw2

PRED

Reference No. 57.1

Issue Date

23 Dec 1965

Supersedes 13 August 1965

i

"

label identifier

file number

date file was created (MMDDYY)
BCD name of program

size of logical records within
the file

control word for SPACE
case number (integer)

month in which first data point
was observed (integer)

year of first observation (integer)
number of observations (integer)
number of predictions (integer)
code word

case title

time points

normalized weights

estimated percentages
calculated percentages

actual percentages

nonrandom changes #1 (buyoffs)
mean trend line

+95% confidence limits
nonrandom changes #2 (outliers)
observed weights

prediction line
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$IBFTC NONLNR LISTSREF *
INTEGER REELS
INTEGER CASENOsPs»PMONTHsPYEARSYEAR
COMMON /ACCESS/ HCU10UL) sWDCTs1D(12)9PROG
COMMON /5YSTeM/ NTAPESSREELO(15) sCNTRLS(15)sFILEO(L15) sLRS(1Y)

1 PUS(15) s TRLPUS(15)sRWCNT(159)suniTouilsn)

COMMUON  /PPUG/ ACL00) sBL10C)I sL LU0 sCUMILI2)sLSWRELUUY s YUAR(LUU) »
1 MCUNF (1uu) 92 (10U) sMbOWRI1UU) sPCUNF(L1UU)soLtlluv) s
2 S201uu)sT1v0)sYLIUUYsLUY{LIuu)sillLat9)sivennluld

COMIMON JPFILE/ NFYLE(4930U)sNFY(4)
DIMENSTION  LiM{luU)sYTEST(100) 9soWMILuu)sDEVILIUU) »OTULNT (3]
cQUIVALLNCE (CUMUL1) oPMONTH) s (COMI2)sPYEAR) s (Cumi{ 3} griuniH)

2 (COM(4)»YEAR) sy (COM(5)sR1) s (CUM(6)sR2) )
3 (CCMIT7)sASUBPY 9 (COMIB8)sBOUBP)Y s (CUM(I9)yCoOuUDP) s
4 (CCM(10)sNSUBP)

UDATA STUDNT /127063463 .393al8292eT77692e5T7132e4479203609243U60
1 20262’2-228!Z02Ul!2017902016(.)’&-1459201319&0lZVQ
2 2ell092e¢1013¢alU9392e08092eUBULelUTU3ce006T9<e0b4
3 2eV6U02eU569Ca00292elbBydeUUDs2eubidrlebU/

UATA PI 710202622077325/

CATA NPROG/3HEXP/
Cal.L TRAPOK
DC 130G 11=1sNTOT
CALL GETOAT(IPSWTsI11sCASENO)
NPLUST = N + 1
NPLUSP = 12%( PYEAR - YEAR ) + PMUNTH - MONTH + 1
K85=" (N)
P=NPLUSP-K8>
NPLUSP=N+P
DO 450¢ 1=NPLJSIINPLUSP
45C T(1)=T(I-1) + 1.

H=0s
TSQ=0Ce
S=Ue
YT=Ue
DO 500 I=1sN
H=H + T(I)
TSQR=TSEQ + T(l)y*%2
S5=5 + Y(I)
500 YT=YT 4+ Y(1) ¥ T(I)
HALF=(TSQ * o = H ¥ YTY/(FLUATIN) % TLQ =~ h*#2)
HBET=(FLuAT Ny * YT = H * O3/ (FeuATin) * Tow - pe%2)
00 bHuv J=1sN
€50 YDBAR(GJY=HALY + ribceT ¥ T(J)
DELC=1.
C=41
D0 14CU 12=1,3
DELC=LELC * o1
IF(C «LGe Ce) C=DcLC
bDC 110¢C J1=14+29

DO 810 K=1,5




700

8G¢C
£16

1110

1400
1410
1500
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TWO=( o

FOR=C,

FIV=U.

SIX=Co

DO 700 M=1,N

SEGMIM)=YBAR(M)y*#2 # (A(M)**2 + RI*#2XB (M) **D + R2UXD ¥ D{M)*%2)
CNE=CNE + 1/5QM{M)

TWO=TWO - EXP(-C * T(M))/SQM(M)

FOR=FOR - EXP(=24 % C * T(M))/5QM(M)
FIV=FIV + Y(M)/5QM(M)

SIX=SIX 4+ Y(M) % CXP(~C #* TIM))/Swm{M)

TRE= ~TwO

AHAT=(FOR * FIV = Twu % SIX)/(UNE % FUR - TwU ¥ Tro)
BHAT=(UNE * 251X - TRE % FIV)/(UNL % FUR - 1wu * |InE)
DC 8UC M=1,N

YBAR(M)I=AHAT — oHAT * EXP(=C * T(M})
CONTINUL

55Q=Ce

EMMS=0,

00 9CC II=1sN

EM({II)=SQRT(SQM(I1))

EMMS =EMMS +ALOGI(EM(ITI))

55Q=55G + (Y(II) = YBAR(IIYy)**2/5QM (11
SEQR=53Q/FLOATIN-2)

cLgaR= —rLunT(N) * ALUG(2e%* PL)/2¢ = FLUATIN) * ALUGISHW)/2e—LMimys
IF(J1l «EQe 1)y GO TO 1450

IFleLEBAR oLTe ELMAX) GU TU 106v

CTEST=C

ATEST=AHAT

BTEST=BHAT

ELMAX=ELBAR

SAV1=0ONE

SAV3=TRE

SAV4=FCR

SAVS=SEQ

CC 1055 Nl=1lsi

YTESTINL)=YLARINI)

c=C + cbrcd

CONT INUE

CC 1I1¢ Ml=lasN

YBAR(M1)=YTLST (M1

C=CTEST - DELC

CCNT INUE

DO 15C0 KK=1sNPLUSP

YBAR(KN)zAlLLT = oTioT % EXP(=CTLST * T(KK))
KN - 2

IF(K «CTe 31) K=31

00 1510 LL=NPLJS1sNPLUSP

A(LL) = (ALULP = A(N)) # FouAT(LL=N)/FLUATP)Y + Aliv)
LILLY = (obuoP = 0inNy) * FLYATLLL=-N)/FLUATIR) + i)
LlLl) = (Covor = LINY) % FLuablLiL=in)/FLUAT(F) + Jln)
SUMILL)YsYpArTLLY®®2 4 (A(LL)#*g + plLL )y #i, + vlLL)®xyg)

DENOM=0AVI* (=SAV4A) - LAVI#*2
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ALPHA={—SAV4 —(SAV3*EXP(=-CTEST* T(LL))))/DENOM
SETA=(SAV1 % ©XP(=CTEST * T(LL))= SAV3)/ DENOM

ALPHAZ = ALPHA #*% 2

BETAZ2 = BETA #%x 2

ALPHAA = ALPHA2 #* SAV1

BETAD = BETA2 * (-5AV4)

ALBECZ2 = 2+% ALPHA * QETA ¥ SAV3

DEVILL)=SQRT(5AVS) * SQRT (oWM(LL) + ALPHAA + BETAU + ALot(2)
PCONF (LL)=YDAR(LL) + STUDNI(K) %* DEVI(LL)

NFY(2) = NFY(2) + 1

NF2 = NFY(2)

NF22=1SIGN(NF2,REELS(2))

NFILI =REELS{(2)%#1000 + NF22

NFYLE(2sNF2) = CASENO
DIFRC = JwW2(N) - YBARI(N)
DO 666 MOM = NPLUS1sNPLUSP
Y (MOM) = YBAR(MOM)

UW2{MOM) = Y(MOM) + DIFRC
ID(7)=CASENC

ID{8)= MONTH

ID(9)= YEAR

ID(1Q0)y=N

ID(11y=P"

[D(12)=NPROG

CALL ABOUTI1(NFILEs1)

CALL ABOUT2(NFILESTITLES)

CALL AEBOUT2(NFILEs ToNPLUSP)
CALL ABOUT2 (NFILEsYsNPLUSP)
CALL ABOUT2(NFILEsDsNPLUSP)
CALL ABOUT2 (NFILE»BsNPLUSP)
CALL ABOUT2(NFILEsAsNPLUSP)
CALL ABOUT2(NFILE»BUYsN)

CALL ABOJT2(NFILEsYBARINPLUSP)
CALL ABOUT2(NFILEsPCONFsNPLUSP)
CALL ABOQUTZ(NFILE »MCONF »NPLUSP)
CALL ABOUT2 (NFILEs UW2s NPLUSP)
CONTINUE

CALL GOCDE

END
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ADAPTIVE (FOURIER) EXPONENTIAL - 588

The program accepts a set of weights Wi observed at time ti and predicts the trend of
the data at a future date. The model does not assume that the observations are dis-
persed about a specified mean-value function (as do the other trend prediction pro-
grams). Instead, it is adaptive, meaning that it senses the latest tendencies of the
trend and projects them into the prediction range. To get away from the mean value
function, one must look at the weight increment from the latest observation to the next

one. This increment is considered a random variable.

The model chosen was one which expressed the same time-dependent behavior desired

in all the models, but which was not autoregressive in its structure. The model is,

-at,

_ 1
Wi+1—Wi—a+be +Ri

where a is the mean increment and Ri is a random residual of zero mean. When ob-
servations are equally spaced, namely ti o 1;i + At, the above equation becomes
-ati 1
= - + ia + + R.
Wi+1 (Wl C) ia ce Z i
i=1

where

-1
¢c = b1 - eaAt)

and a, ¢, o are parameters to be estimated. It was decided to separate the nonlinear

part of the above equation by a Fourier analysis. Hence the name Fourier model.

Input to 58S consists of a case number, its associated weight data, and a weighting
coefficient p, defined by pn-l =k, 0 =k = 1. The parameter k must be input to the
program and is specified in columns 41-44 of the instruction card which is read by the
Control Program 55S. This weighting coefficient allows the user the opportunity to
weight later observations more heavily than earlier observations. If equal weighting

is desired, use p = k = 1.

Output consists of a file of data as is described on the following page.



1.D.
RECORD

FILEID
FILENO
DATE
PROG
LRS

v
CASENO
MONTH
YEAR
N

P
NPROG

TITLE 1

TITLE9

TIME1

TIMEN+P

WEIGHT,

WEIGHTN+P

EST;

ESTy.p

CALC1

CALC N+P

ACTUA L1

AC’I'UALN+P

BUY,

EUYN

MEAN1

MEANN+P

PCONF1

PCONFN+p

M(,ONF1

T
MCOI\TN+P

uw2

1

J§
L\VZN

PRE;’)1

PREDP

FILEID
FILENO
DATE
PROG

LRS

v
CASENO

MONTH

YEAR

N

P
NPROG
TITLE
TIMFE
WEIGHT
EST
CALC
ACTUAL
BUY
MEAN
PCONF
MCONF
uw2

PRED
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label identifier

file number

date file was created (MMDDYY)
BCD name of program

size of logical records within
the file

control word for SPACE
case number (integer)

month in which first data point
was observed (integer)

year of first observation (integer)
number of observations (integer)
number of predictions (integer)
code word

case title

time points

normalized weights

estimated percentages
calculated percentages

actual percentages

nonrandom changes #1 (buyoffs)

mean trend line

= +95%, confidence limits

nonrandom changes #2 (outliers)
observed weights

prediction line
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$IBFTC FOURNR

71

11
10

102

1C3

LISTHREF
INTEGER REELS

INTEGER
REAL MEAN,MCONF
COMMON

CASENO»PsPMUNTHsPYEARS YEAR

/ACCESS/ HCU10U)»sWDCTs1D(12)9PROG

Reference No.

Issue Date

€C

58.3

Supersedes

13 August 1965

COMMIN /75YSTEM/ NTAPESSREELS(15)sCNTRLS(15)sFILES(15)sLRS(15)

1 POS(15) s TRLPOS(1I5) sRWCNT (15)sUNITS(15)

COMMON JPFILE/ NFYLE(45300)sNFY(4)

COMMGCN /PPOG/ ACTUAL(100) s CALC (100) ¢ EST (100} & LUM (12)
1 LSQR (100) s MEAN (100) » MCONF (10C) o UW2 (100)
2 MSQR {100) » PCUNF (100) » S1 (lou) » 5S¢ (luv)
3 TIME (100) » WEIGHT{(10UU) » ouY (luv) » TITLE(Y)
4 N s NTOT

COMMON /SIXS/LEEP(2)sSALP

DIMENSION W2(5,13) ’ AS(H) ’ F1(100) ’ F2(100) » F3¢100)
1 F4(1100) s DIF(100) Ut1o00) s UN(10Q) »cKALP(D)
2 A(5) ’ X(100) » Q(5) ’ AL(13) ’ £(13)
3 C(13) ’ 2100} » Y{(1U0) y BKI{(5513), AM(13)
DATA NPROG/3HFOR/

EQUIVALENCE  (COM{1)»PMONTH)» (COMI2)sPYEAR)s (CCM(3)sMONTH)»

2 (COM(4)sYEAR) s (COM(5)sR1) s (COM(6)sIR2) ’

3 (COM(T)sASUBP) » {(COM(8)sBSUBP)s (CUM(I9)sCOUBP)

4

(COM(10V) »NSUBP)
DATA PlL/0202622077325/
DO 71 J=1»13
EJ=J
2= o1 — (EJ-1le )
AL{J)=-ALOG(Z22)
DO 1C I=1,13
DO 11 K=1,5
EX=K
PIEK=PIE*EK
pl = le/(1le +
P2 =
BK(Ks )=
CCNTINUE
CONTINUE
DO 1uZ
0O 1C2
Q2(Ks )= BKIKsI)/BK(1s1)
DO 103 1I=1s5
AS(I)=Q2(1+13)
DO 13C0 11=1sNTOT
CALL GETDAT(IPSWT»11»CASENO)
IF(C I LTe 8 )

«05

(26/PIEK)*P1*P2

[=1,13
K=1s5

GO TO 1300

(PIEK/AL{]))*¥2 )
((=1e)¥*C)HEXP(-AL(]))-1a

NPLUSP=12%(PYLAR-YEAR }+PMONTH=MONTH+1

NPLUS1=N+1
K85=TIME(N)
P=NPLUSP-K85
NPLUSP=N+P
L=N-1

V=L

]

. w w

-
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122

41

61

1030
104

2224

107
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RHO=SALP

DO 117 I=1sN
U(1) = WEIGHT(I)
CONTINUE

DO 4 I=1s5
A(I)=Oo

CONTINUE

DO 41 I=1,N

X(I)= ULD)=U(FLOATIN=I)}/V)*U(Ll) = ((FLOAT(I=-1))/(FLOATI(N~1)))*U(N)

CONTINUE

DO 61 K=145

EK=K

DO 5 I=2,L

ARG= (EK*PIE*FLOAT(I-11)/V

A(K)=A(K) + X({I)®SIN(ARG)

CONTINUE

A(K)y= A(K)*(24/V)

CONTINUE

D=U(ly=-U(1)

Q0= A(1)/D

DO 7 =195

Qll)= A(IY/ALL)

DO 104 I1=1+5

I1F( Qi) «GEe D ) GO TO 1030
A(I1=0.

GO TO 104

IF( QUI) «GTe AS(I) ) AlIy= AS(I)*A(1)
CONT INUE

IF( (A(L1)/V0 ) «Gte #05 ) GO TO 1882
CONTINUE

DO 107 1=1sN

MEAN(T)=U(1) + D¥(FLOAT(I-1)/FLOAT(N=1))
CPRIME = O,

GO TO 18

ALP=AL(K)/V

GO TO 160G

CONT INUE

DO 8 I=14N

EK=I=-1

F1(I)=A(1)* SIN( PIE*(EK/V))
F2UI)=F1(I)+ A(2)%SIN( 24%PIE#(EK/V))
F3{I)=F2(1)+ A(3)IXSIN( 3+#%PlE*¥(K/V))
FGll)=F3(])1+ A(G)*SIN{ Le*¥PIE®(EK/V))
CONTINUE

DO 9@ I=1,N

MEAN(I)=U(1) + D*(FLOAT(I-1)/FLOATI(N-1)) + Fa&(l)
CONT INUE

DO 1117 1=1,13

ClIV= (=D)Y/(le~EXP(=AL(I1))})
LPASS=C
1F( D obTe Ue «ANDe A(l) oLTe Oe ) GO TU 2422

DO 11C I=1»13
ClI)= (—eB8¥U)/(1e—EXP(=AL(I)))
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LPASS=1
2222 CONTINUE
DO 111 1I=1,13
AONE=0.
ATWO=0.
DO 112 K=1s5
AONE=AONE + (bK(Ks1)*C(]))**2
112 ATWO=ATWO +( oK(KsI)¥CLI)*AlK))
E(I)= AONE - 24%ATWO
111 CONTINUE
EMIN=10.E+10
DO 14 K=1413

IF( EMIN oLTe E(KY ) GO TO 14
I=K
EMIN=E(K)

14 CONTINUE
ALP=AL(I)/V

K=1
IF({ LPASS +EQe 1 ) GO TO 2228
FACT= +8%UI(1)
[F{ Ct13) ouTe FALT) 6o 10 2z24
DO 2225 K=1,13
IF( ClK) oLbe FACT ) Gu Ty, 2226
2225 COMTINUE
2226 1F( 1 LTe K1) GO TO 2227
2228 IFC 1 eEQs K «ORe I oEQ. 13 ) GO TU 16U

DO 147 K=1,13
147 AM(K)Y=AL(K)/V
ANUM=(E(T)~ECTI=-1) ) * (AM(T+1)~AM(I=1))**2

1 “(E(I+1)—E(I-1) )V ¥ LAM( Ty =AR(]=1) ) *¥2 .
DNUMs {(AMIT)y—ArC -1 %0l +1)-E01-1))
1 ={(AG(T+1)y—AM{I-1 ¥ (E(])-cl{]I-1))

ALP==¢2% (ANUM/DINUM) +AM{T-1)

160 ANUM=0Q,
DNUM=U0
PLA=ALP#V
DO 17 K=1ls5
EX=K
PIEK=PIE*EK
BKALP(K)= (2e/PIERK)*( 14/ (1le+(PIEK/PLA)F*2) )% {(—]e)*aK*LXP(~PLA)
1 ~1le)
ANUM=ANUM + oBKALP(K)#*A({K)
DNUM=DNIM + BKALP(K)#**2

17 CONTINUE
CPRIME= ANUM/DNUM
DO 19 I=1sN

l9 ZU1y=UlL)=CPRIVE*RLXP(~ALP*FLUAT(]=11))
DO 191 I=2,4N

191 Y(I)=2(1)y=-2(1-1)

RHO= (ALOG(RHO))/V
RHO= EXP(RHO)
ANUM=0,
DNUM=0C,




20

6527

6528
6529
22

1216
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DO 20 I=2,N
ANUM=ANUM + Y (D) *RHO¥#% (N-1)
DNUM=DNUM +  RHO¥®%* (N-T1)
AHATs ANUM/UNUM
SIGMA=0.
DO 21 I=2»N
SIGMA=STGMA + RHO¥#* (N-])% (Y (])~AHAT )*%)
SIGMA=  SGRT ( SIGMA/FLOAT{N=2))
BETA= (Z(NY+AHAT)Y/Z(N)
LSET=0
DO 22 K=NPLUS1NPLUSP
TIME(K)=TIME(K~1)+1.
NT(K)=NT(K=-1}+1
IF( AHAT oLTe ue )  GU TO 6927
MEAN(K) =Z () +FLUAT (=) ¥AHAT + CPRIMEFEXP (~ALP*FLUAT (h~11) )
GO TO 6529
IF({ LSET +EWe 1 ) GO TO 6928
AMUTH=BETA**(K=N)
IF({ AMUTH «GTe (ewU0001)) GU TO 6528
LSET=1
AMUTH=0,
MEAN(K)=AMUTH % ZIN)+CPRIME*¥EXP(-ALP*FLUAT(K=-1))
PCONF (R)=mEAN(K)I+1 e 64#SGRT(FLUAT{K=N)*S]UMAX %2 )
CONTINUL
NFY(3) = NFY(3) + 1
NF3 = NFY(3)
NF33=15]0N(NF3sREZLS(3))
NFILE=REELS(31*¥10U0 + NF33

NFYLE(3,NF3) = CASENO

DIFRC = UW2(N) - MEAN(N)

FLe = p©

DO 1216 Tw=hNPLUS1sNPLUSP

FKN = W - N

LSTOIWY = (COHUBP=-LSTINY)Y % FKN / FLP + ST (iN)

CALCUIwY = (obUgP-CALLINY) * FNie / FLrP + CACCN)
ACTUAL Liwn) = (ALULP=ACTUALI) ) % Faiv / tLr + ACTunL (i)
UlIw) = MEAN(IW)

UWZ(Iw) = uliw) + DIFRC

ID17)1=CASEND

ID(8)=MONTH

ID(G)=Yc AR

ID(1G) =N

ID(121=P

ID(12)=NPRQG

CALL ABOJT1II(NFILES1)

CALL ARCUT2(NFILESTITLE »9
CALL AbBCUT2UINFILE s T Iz o NPLUOP)
CALL ALOUUT 2 (INFILLsUsNPLULP)
CALL AoUUT2(RNFILEstol sNPLUOP)
CALL ALUUT2(NFILzsCALLYNPLUVP)
CALL Apbudl2inrLEsACTUAL sNPLUDP)
CALL ABOUT2(NFILE»bUY oN)

CALL AbcuT2(int[LEsMFansNPLUOP)



1217
1300

caLL
CatL
CALL
CaLL

ABOUT 2 (NFILE sUNsN)

ABOUT2 (NFILL9yPCONF INPLUSL)»P)
ABOUTZ2 (NFILuE sMCUNE s NPLUSP)
ABGUTZ2 (NFILEs UW2s RPLUSH)

CONT INUE

CALL
END

GOODLE
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ASYMPTOTIC (LOGISTIC) EXPONENTIAL - 598

Unlike the first two models developed, the Maximum Likelihood Linear Model and the
Maximum Likelihood Nonlinear Model, the Asymptotic (Logistic) Exponential Model
is a weighted least squares model. The two earlier models, as their name indicates,
are maximum likelihood models. It should be noted that the difference between a max-
imum likelihood model and a weighted least squares model are small. When talking
about the mean line these two models are identical. The weighting factors in the

weighted least squares model cause this to be true.

The observations are fitted to a model of the form

W= —2— c > 0
i -ct, ‘

1 + be
vhere a and b are parameters to be estimated and ¢ is restricted to positive values.
The weighted least squares criteria used to estimate these parameters require that

the function S(a, b, c, Yi) be minimized, where

The parameter p; is a weighting factor which is a function of the E/C/A percentages at
time ti and a program maturity factor o,
n-i
= + +
Py o (E; + RCp+ RAY
Proportionality factors, R, and R_, are designed to give those observations having a

higher estimated percentage less influence in shaping the trend line. To achieve this,

the values for Rl and R2 must be selected in accordance with

RZlezl.

‘he method employed is similar to that used in the Maximum Likelihood Nonlinear
Model. A range of c values is established, and for each ¢ in the range, initial esti-

mates of a and b are made. An iterative scheme is employed to obtain corrections
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Aa, and Abj for a and b, respectively. When ‘Aaj/ al| and |Abj/ b| are both less than
€

[P

.001, the iteration process is terminated. The weighted sum of squares of errors,
S, is computed, and the program repeats the above process for the next value of ¢ in
the range. When all ¢ values have been exhausted, the minimum S is determined, and

the corresponding values of a, b, ¢ are the desired parameters.

Certain restrictions are placed on the corrections Aa, and Ab,. Maximum allowable
values of the ratios lAaJ./ a| and |Abj/b] have been specified. If the computed correc-
tion exceeds the allowable maximum, the allowable maximum with the sign of the com-
puted correction becomes the correctionfactor. If theconvergencecriterion ‘Aaj/a[ <€
and \Ab]./b\ < € fails to be met within 100 iterations, the minimum S computed to date
will determine the parameters a, b, ¢c. As in the nonlinear model, ¢ is restricted

to values

¢ = k(.001) k = 1,2, ..., 2000

Input to 598 consists of a case number, its associated Weight Data File, the program
maturity factor @, 0 < @ = 1, and the program option. This input is specified on a
T data card which is read by the Control Program 55S. For a detailed description of

this data card see program 558S.

Four program options are available to the user. Each of these options incorporates
the effects of the E/C/A percentages on the prediction line. The approach was to allow
the effect of E/C/A's to be introduced in one fashion in the prediction range and to be
introduced in an unrelated manner in the observation range. It turns out that the mod-
els for both ranges are functionally the same, the only difference being the parameter
values in the different ranges. In the following, pio refers to weighting factors in the

1Y

observation range while Py refers to weighting factors in the prediction range, where

n-i
o (Ei * Rlci N RzAi)

©
H

©
1l

p (RE. + RC. + RA)
3 1 4 1 s 1

E., Ci’ Ai are E/C/A percentages at time ti and R, (=1, 2, 3, 4, 5) are proportion-

ality factors designed to influence the shape of the trend line.

In the observation range, piO is a function of & and the E/C/A percentages at time t,.
Thus, besides using the E/C/A percentages to weight the observations, the user may

also weight them with the o factor. If no other weighting except the E/C/A percentages
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is desired, choose a = 1. If it is desired to weight later observations more heavily
than had been earlier observations, choose 0 < @ < 1. In general, « should be chosen
such that .9 =a =1. For a<.9, the program maturity factor becomes dominant over

the E/C/A weighting and tends to discard all but the last 9 or 10 observations.

In the prediction range, the incorporation of the influence of the E/C/A percentages
is accomplished by adjusting the original model, Wi’ to obtain
= A —A

= P -
Wi Wisg ©pp (W = Wy,

)

1

where the superscript A denotes an adjusted trend. The E/C/A values employed in
the prediction range are obtained by linearly interpolating the E/C/A percentages at
the last observation to the assumed E/C/A percentages of 0/0/1 at ship date.

In the model, R1 =2, R, =4, R3 =1, R4 =.5, Rs = .1. The following options over
the observation and prediction ranges are available to the user:

~ O

p; =1

1
OPTION 1¢

P _

G

~ O

p; = 1
OPTION 2 ¢

pf = f(E/C/A)

.

’pio = f(E/C/A, a)

OPTION 3
P -
Py 1

f(E/C/A, a)

©
[t

OPTION 4
pip = f(E/C/A)

Jutput consists of a file of data as is described on the following page.
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FILEID
FILENO
DATE
PROG
LD, LRS
RECORD v
CASENO
MONTH
YEAR
N
P
NPROG
TITLE
1 FILEID = label identifier
FILENO = file number
LE
TITLE, DATE = date file was created (MMDDYY)
TIME PROG = BCD name, of program
LRS = size of logical records within
. the file
TIME
+
NP v = control word for SPACE
WEIGHT; CASENO = case number (integer)
’ MONTH = month in which first data point
: was observed (integer)
WEIGHT,
TST, YEAR = year of first observation (integer)
. N = pumber of observations (integer)
. P = number of predictions (integer)
ESTN +P
NPROG = code word
CALCl
. TITLE = case title
. TIME = time points
CALC
N+P WEIGHT - normalized weights
ACTUAL, EST = estimated percentages
CALC = calculated percentages
ACTUALN+P ACTUAL = actual percentages
BUYl BUY = nonrandom changes #1 (buyoffs})
: MEAN = mean trend line
B.UYN PCONF = +95% confidence limits
MCONF = nonrandom changes #2 (outliers)
M]ZANl
. uw2 = observed weights
. PRED = prediction line
MEANN +D
PCONF 1
PCONF‘N P
MCONF1
MCONFN +P
UWZ1
UWZN
PRED1
PREDP
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the Maximum

Number of Iterations
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?
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'

Make a First
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aand b

!

Pick the First ¢ Value
from the Range of
¢ Values

'

Compute Aa, Ab
Then Compute
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a=a+ Aa
b =b + Ab

Has
he Convergence
Criterion Been
Satisfied
?

Compute the Weighted
Sum of Squares of
Errors, S

Any
More ¢ Values

in the Range
?

Yes | Use as a First Estimate

of a and b, the Values
Just Computed

No

Find the Minimum Value
for all Values of 8§
Computed

!

The Corresponding a, b,
¢ Values for the
Minimum S Are the
Desired Parameters

1

Compute the Mean

Trend Line




$IFFTC LOGMOD
INTEGER R
INTEGER
DOUBLE PR

LISTsREF
EELS

CASENOsPsPMONTHPYEAR S YEAR

ECISION M22sM22T

COMMON /ACCESS/ HC{100)sWDCT,1D(12)sPROG
COMMON /SYSTeM/ NTAPLS»REELO(ID)Y»sCNTRLS(L1Y)9FILES(15)sLRS(1Y)
POS(15) s TRLPOS(15) yRWCNT(15)sUNITS(15)
COMMON /PFILE/ NFYLE(4s300)sNFY(4)
CALC
MEAN
PCUNF

1

COMMUON /P

FoRECSN N

COMIMON /L
JIMENSION

DIMENSION YBARA(1UG) 9S(20)sTOMIE) sW(13C) s YBARILIOUY9ECTLLIUC)

1DEM(100)
tQUIVALEN

2

3

4

UATA  NPR
CALL TRAP
DO 13CU0 1

PUG/ ACTUALI(]10C)
LSWR  (100)
MOWR  (100)
TIMc  (100)
N » NTOT

CGIS/ KEEP(4)yALP

*
*
9

WelonT(low)

(1luv) » E£ST
(luv) 9 MCONF
(lov) s 51

s LUY
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(10u)

s CUM (1<)
(luuv) o Uwe (Luv)
(luu) s o< (Luv)
(louy » TITLE(Y)

CPE21)9sAP(21) 98P (21 )sRHO(100)sM22(292)9M221(294)9G(2)

CE (COM(1)sPMONTH) »

(COM{4)sYEAR)
(COM(7)92ASUDP

)

’
’

(COM(10)sNSUBP)
LATA TUM/lesler4as1lere5rel/

GG /3HLOG/
CK
1=1sNTOT

CALL GETDAT(IPSWTsI1sCASENO)

NPLUST =
NPLUSP =
K85=TIME(
P=NPLUSP-
NPLUSP=N+
DO 4051

4051 W(l3)=wkl
DO 48
EST(U8) =

48 ACTUAL(JSB
LC 23 i=N

23 TIME(I)=T
00 1C¢C0C

IF{ KEEP(
NPATH=KEE

GO TC (4109s4115412+413) 4NPATH

410 00 41l
4100 RHRO(I)=1.
GC TO 414
11 DO 4llvu
4110 RHO(I)=1.
DO 4111
RHU( 1) =
1
4111 CONTINGE

N + 1
12#( PYEAR - YEAR
N)
K85
p
I13=1sN
GHTI(13)
JB8=NPLUS1NPLUSP

)

{COM
(COM
(COM

(2)sPYEAR) s (COM(3)sMUNTH)»
{5)sR1) s (CONM{6)IR2)
(8)2830UBP) s (CUM(G)s(COUDP)

+ PMONTH - MONTH +

—ESTIN)*FLUAT(J8-N)/FLUATI(P) + EoT (N}
CALC(JB)=—CALUIN)Y*¥FLUAT(JB8=N)/FLUATHIP) + CALCIN)
Y= (1e—ALTUAL(N))¥FLORT (JB-N)/FLUAT(P)

PLUST s NPLUSP

IMLOI-1)+1a
J9=l 94

J9)  LEQe O )

P(J9)

I=1s+NPLUSP

I=1sN

I=NPLUSTIsNPLUSP

GG 70O

10000

1

+ ACTJUAL ()

(TOMI4)*LoTUI)+TUMIS ) *CALCU)+Tumle)y*ACTuAL{] )Y/

(1le+ACTUALC(I )
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GO TO 414
412 DO 4120 [=1N
RHOCI) = (ALP¥E(N—]) )% (TUMIL)*cST(IY+TOM{2)¥CALC{I)+TOM(3)*ACTUAL
1 (1))
4120 CONTINUE
DO 4121 I=NPLUS1sNPLUSP
4121 RHO(I)=1.

GO TO 414

413 DO 4130 1I=1»N
RHO(T) = (ALP¥®{N=—T1) )% (TOM(L)#ESTUI)+TOM(2)¥CALC(I)+TOM(3)*¥ACTUAL
1 (Iy)

4130 CONTINUC
OO 4131 I=NPLUS1sNPLUSP
RHOUT )= (TuM{4)*esTiI)+TOMIS)®CALC(I)I+TOMI6)*¥ACTUAL(T)) 7/
1 (1e+ACTUALII))

4131 CONTINULE

414 CONTINUE
KSWIT=C
NSWIT=C
A]=Oo
Bl=0.
C1=0,
D].:Oc
F1=Vo
DO 6 1=1sN
Al=Al+W (1) % RHO(I])
Bl=Bl+TIME(I)*W(I) * RHO(I)
C1=C1+TIME(I) * RHO(I)
F1=F1+RHO(I)

o Cl=D1+TIvic(1)*TIME(]) * RHU(I)
E1=F1#D]1-Cl#*%2
ALPHA= (A1¥D1 - Cl*bl)/EL
SETA=(F1*B1-A1%C1)/E1

EN=N

S1t1) = EN / 44

Al = ALPHA + 51(1) * BETA

S2(1) = (34u¥*EN) / 4oC

Bl = ALPHA + 52(1) #* oETA
51(1)e= Cel * £1(1)

201) = vel * 521(1)

AP(l)= Al + oP{1)*LXP(-S1(1))*A]l
cPll)= (Al-vl) / ( EXP(=S2(1))¥p]l — LXP(=01(1))*Al)
CPi1Y=41

CELC=CP(1)

ATEST=0C,

KCUNT=20

50 CONTINUE
OC 15 I=1,2C
DO 13 K=1,s10y
DO 9 17=1,42
DU 8 J=1s/

8 M22({TT7sd)1=0e

¢ OlI7)=ve
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DO 10 J=1,N
ECT(UI=EXP(=-CP(II*TIME(J))
DEN(J)= 1.,+BP(I)*LCCT(J)
YBAR(J)Y=  AP(I})/DEN(J)
M22019131=M22(191) +((YBAR{J)*¥2)*¥RHOU(J) ) /AP (L)%
M22(192)=M22(192) — ((YBAR(J)*¥¥2)¥RHUIIYFECT LU/ CARP (L) *uLnlv))
M220292)=01220252) 4+  (RHO(JI) ¥ CT () #eCT (J) ¥ (YBAR(J)y %¥2) ) /ucn(v) k¥
Gi11=0(1)+ (RAUJI#YDAR(JI* (wld)=YBARIJ)Y))Y/ AP
G(2)=G(2) =~ {RHULJII*¥ (N (J)=YDAR(INIHAP (1) ¥ECT(U) Y/ uLiN(Jd) ®¥*Q
10 CONTINUE
M22(291)1=M22(1+2)
CALL DPMI(2sM22sM221)
CALL SLITET(3yJFK)
GC TO(50C0s11),4JFK
11 CONTINUE
DELA = M22T1(191)%G(1)+M221(1s2)%G(2)
CELB = M221 (25 1) %¥G{1)+M221(£+2)%G(2)
[FI K +EQs 1 ) XONE=DELB
Ql= ABS{ LELAZAP(I))
Q2= ABS( DELB/BP(I))

NFLAG=C

IF{ Q1 oLTe sUUl sANVe Q2 oLTe 4001 ) Gu Tu 12
NFLAG=1

IF{ Q1 oLEs 5 ) GO TU 111

DELA= SIGN(«5%AP (1) sDELA)
171 IF( G2 oLEe le2 ) GO TO 1222
DELe=SIGN(1e2%bP(1),DELD)
GO TO 12
1222 CONTINUE
IF{ K «EQs 1 ) GO TO 12
SELECT= XUNt/DtlLb

XONE=DELDB

IF( SELLCT o0Te uve )3 GO TO 12

SELECT=ABo{oLLECT)

IF( SELeCT oeuTe 79 sANUe oLLLLT oLTe lel5 ) vULiLL=ULLL/ Lo
XCNE=DELDB

12 AP(1)=AP(1)+DELA

BP(1)=bPIT)Y+DELB

[FU NFLAG  oLQe O ) Gu TO 14
13  CONTINUE

IF{ ATEST etlde le ) GO TCU 5000

KCUNT=1-1
IF( KCUNT oiNte © ) Go TO <41
WRITE(641491)"
1491 FURMAT(1r) wZ2HLuGloTle mouvtl vulH NUlb FIT ine DALAS TAlL)

GO TO 1uulv

14 AP(I+1)=AP(])
BP(I+1)=BP(I)
CP(I+1)y=CP(I+DELC
S{11=Ce
DC 149 Jl=1sN

149  S(I)1=S(1) + RHU(JII*(w(J1)—C AP(L)/(le+oP (1) *EXP(-CP L) *TImc (1))

1 ) ) %2
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15 CONTINUE
21 CONTINUE
SMIN=104E+10
DO 16 I1=1sKOUNT
IF{ S(I1) «GTe SMIN ) GO TO 16
K=1
SMIN=S(1)
16 CONTINUE
A2=AP(K)
BB=8BP (K)
CC=CP(K)
ATELT=1.
IF{ KSWIT ol 1) €18} TO 20
K=K+1
AP (1)=AP(K)
BP(11=BP(K)
CP(1)=CP(K)
DELC=-,01
KSWIT=1
KCUNT=20
GC TG 50
20 CCNTINUE
IF( NSWIT stWe 1 ) GO TO 5000
[F{ CC JLEe «01ll} GO TO 4999
K=K+1
DELC=.C01
4998 CONTINUE
AP(1)y=AP(K)
BP(1)=BP(X)
CP{1)=CP(K)
NSWIT=1
KOUNT=2C
GO TC 5¢C
4999 CONTINUE
K=K=1
DELC=-.CC1
GC TC 4998
5000 CONFINUL
00 22 T=1sNPLUSP
22 YBARUI) = A2/(1le+BO¥EXP(—-CC*TIME(L)))
YBARA(NY=YRAR(N)
o0 415  Je=NPLUSLsNPLUSP
415 YBARA(JE)=YRARA(JE-1)Y+RHO(JD) ¥ YBAR(JS)-YpAR(JIL-1) )
NFY(4) = NEY(4) + 1
NF&4 = NFY(4)
NF44=TSIGNINFL4RELLS4))
NFILE=REELS(4)%1000 + NF4y
NFYLE(4sNF4) = CASENO
DIFRC = Uw2(NYy — YEAR(N)
DO 1216 [Ww=NPLUS1sNPLUSP
WITW) = YBAKA(IW)
1216 UW2(Iw) = w(IW) + DIFRC
ID(7)=CASENC
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ID(8)= MONTH

ID(9)= YEAR )
ID(10) =N
ID(11)=P

1D0(12)=NPROG
CALL ABQUTI1(NFILEsl)
CALL ABCUT2(NFILESTITLE»9)
CALL ABOUT2(NFILE»TIMEZNPLUSP)
CALL A30UT2 (NFILEsWsNPLUSP)
CALL ABOUT2(NFILEESTyNPLUSP)
CALL ABOUTZ2(NFILE»CALCHNPLUSP)
CALL ABOUT2(NFILEsACTUALSNPLUSP)
CALL ABUUT2(NFILE»BUYIN)
CALL ABOUT2 (NFILEsYDAR(1)sN)
CALL ABUUT2 (NFILLsYDARA(NPLUSL) P}
CALL ABUUT2(NFILEsPCUNF 4NPLUSP)
CALL ALCUT2(NFILE s MUUNF 9y NPLUSP)
1217 CALL ABUUT2 (NFILEs Uw2s NPLUSP)
10C00 CONTINUE
1300 CONTINUE
CALL GOODE
END
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OUTPUT PROGRAM - 60S (OUTPT)
This routine reads the binary output files that are generated by each of the four trend-
ing methods and produces printed tabular and printed plot output in a uniform format

for each method.

No options are available; all output that is generated during trending is processed by

this routine, An example appears on the following pages.

Contral over this routine is maintained by the Control Program 558.
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$IBFTC OUTPUT
C #*
C *#% GEMERAL
C #
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LISTHREF

QUTPUT ROUTINE FUR THE TRENU SYOLTLM

INTCOER RetbLSesCASENUSP yPMUNTHSPYELARSYEAR
REAL LSWR yMEAN 9y MCONF gy MSWR
C
COMMON  /GGDATE/DATE (2)
COMMON JACCESS/  HCO1CU)swbDCTIDI(12) 9 PRUG
COMMON /S5YSTEM/  NIAPES sRUELOI1S)sCNTRLOULID) o FILES(1o)sROl1Y)
1 PUST1I9) s TRLPUSTLIS)sRWOCNT (1Y) sUNITS(1Y)
COMMON  /PFIiwe/ NFYLE(&4s3CU) oNFY (4)
CUMMUN /Prua/ ACTUALLLOU ) sCALCIIuu)sol tiuuysCumile)
1 LOWR 10U smeAn(Ivu) smCunt (luulsuw2 (10U
2 MSWR{10U) s PLUNFL]LL) 351 (1uu) sl {100}
3 TiMme(lous)swbliGritluu)souY lluu)siliLeli9)s
4 NsNTOT
COMMON /uTT/ N219D]19D29sJ1IRUN
COMMON  /Zbtt/ ZLINEL(E6) sZLINE2(6)YsZLINE3(6)sZLINEG(6)
C
DIMENSION XMUNTH({12) sPNME(4)
DIMENSION TNME{(494) yBLANK(T7)
DIMENSION PTAb(4) s MASK(T)
UIMENSTUN  ORIU(86T7)enNoCALLID)soltmMi]lc) s IULRY (1) sTAL(ZG)
C
twu [ VALLANG L (Cum Iy alPeunTay s LCum( 2y sbYLAR) s {Cumi3)y smuinin) s
2 (CUME4 )y s YEAR Y s LCUM{B) skl ) sl lumlog)ex2)sdCumlT)shovut)s
3 (COMI8)sLSUBP )Y s (LUM(9)yCoucP ) Cumilu) snsuol)
C
VAT~ XMUNTr /3HJIAN 3t LDy 9RiAK s 3RAPK e 3AMAY s 3riuuive 3HJUL Y 3HAUU Y
/ 3HOEP ¢ 3HHOCT ¢ 3HNUGV 9 3HUEC Y
LATA TNME /JOEHLINEAR y6H mMupElLs oA yOH
1 EHNON~L T s 6HNEAR My 6HULLL  46H
2 HSHFOQURIE 9 6HR 1mOUL s 6HL s 61
3 HSrLUGIoTs6HIC Muuvsbrict s 611
DATA BLANK /agn
vATA  PTAL /35609300 TSy or08095H050/
VATA NSeALL /lovwe—190e—1/
UVATA TADL /71e092e¢095eC91i0eUsliUelsdDelUsblUeusiudelsculeus
1 250009900 eUsiCUUODs2U0ULSU 22U eUsOUUDeUs ] JUULED Y
2 2000U0e0925C0UeL 92200l ulUllevs2UUlUTeuy
3 25000009500000C120C0000/
DATA ARG /76HSAVTAP/
DATA MASK /1sl9lelelelel/
C
C w3
C
120 = o
DO 9ue 1IK=1ls4

IF (REcLS(IUN) otuwe U) GU v 90U

IF (NFY(ICK) «tQe U)

PNO =

PTAB(

GO TU 9uvu
[CK)




120

1

LooP
DO 12
PNME (

DO 60
LSKIP
LINE
Nz
NZ =
NZ =

CALL
NPLUS
NPLUS
CAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CaLL

KRA =
IYER
CALL

WRITE
LKASE
LKASE
IF (L
WRITE

GO TO

190 WRITE

1

192 WRITE

220

WRITE
WRITE

DO 35

IF (K
IF (T
KTY =
DO 1«
LINE
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= NFY(ICK)
0 MM=1,4
MM) = TNME (MM, ICK)

0 MA=1,LO0P
= 0
= 0
MA
ISIGN (NZHREELS(ICK))
REELS(ICK) % 1000 + NZ

READB1 (NZ»s1l)}

P = ID(10)y + ID(11)

1 = ID(1U)Y + 1

READDb2 (NZsTITLESSsHISIRY)
READBZ (NZsTIMEINPLUSP sHISTRY)
READB2 (NZsWEIGHTsNPLUOPYHISTRY)
READL? (NZosESTsNPLUSPIt[S5TRY)
READL2 (NZsCALCINPLUSPIHISIRY)
REAVL? (INZsACTUAL sNPLUOSPsHIGIRY)
RLAVDB?2 (NZsBUYsID(1u)sHIDIRY)
READB2 (NZsyMLANSNPLUSPsHISTRY)
READE2 (NZsPCONF s NPLUSPsHISTRY)
READDB?2 (NZsMCONF sNPLUSP ¢yHISTRY )
READEB2 (NZsUW2 sNPLUSPsHISTRY)
ENDF (NZ)

ID(8)
= ID(9) - 1900
TITEL (1ul7)sMASK)

(6+9000)
= I1D(7)
= LKASE /7 1900000
KASE «NEs U) GO TO 190
(699UU4) ZLINEL»DATEsZLLINE2ePiNMESZLINE3 s ID(T) »
D1sD2sPNOsZLINEGYN21
192

(6990UU2) ZLINELsDATLsLINC2sPRML,ZLINE3 s IULT) s
D1sD2sPNOsZLINEG,N21 |
(6590L1)
(659003)
(659001)
0 KP =1sNPLUSP
P +EQe 1) GO TO 221
IME(KP) - TIME(KP~1) ec@e 140) GO TO 221
TIME(KP) - TIME(KP=1) - 0e5

22 1TY=1sKTY
= LINE + 1




P = TR o

T ¢ AR
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IF (KRA oLEe 12) GO TO 1221
KRA =1
IYER = IYER + 1

1221 XMONZ = XMUNTH(KRA)
WRITE (699055) XMONZsIYER
KRA = KRA + 1

1222 CONTINUE

221 TUW2 = UW2(KP) + 045
IEST = EST(KP) % 1G0e0 + Qo5
ICAL = CALC(KP) % 10040 + Qo5
IACT = ACTUAL(KP) * 10040 + 045
IWGT = WEIGHT(KP) + 0.5

IMENE = MEAN(KP) + Q45

IPCONF = PCONF(KP) 4 0.5

IMCONF = MCONF(KP) + 045

IF (BUY(KP)) 224+222+222
222 IBUY = BUY(KP) + 0,45

GO TO 225
224 1BUY = BUY(KP) - 045
225 TAG = ((UWZ2(NPLUSP) -~ UW2(KP)) / (FLUAT(INPLUSP~KP)))

IF (TAG) 227+2264+226
226 1AG = TAG + U5

GO TO 228
227 1IAG = TAG - 045
228 CONTINUE

IF (KRA oLEe 12) GO TO 2390
KRA =1
IYER = IYER + 1

230 XMONZ = XMUNTH(KRA)

240 IF (LSKIP +tQ@e 1 oANDe KP «NEs NPLUSP) GO TO 350
GO TO (246525U92589254)91CK

246 IF (KP «GEe NPLUS1) GO TO 248
WRITE (69901u) XMUNZsIYERsIUW29IEST»ICAL[ACT,

1 IBUY s IMCONF » IWGT s IMENC » I AG
GO TO 275
248 WRITE (699uUll) XMUNZsIYER»IUW2sILST»ICALSTACT,
1 IUW2, IMENE, IPCONF IAG
GO TO 275

250 IF (KP «GEs NPLUS1) GO TO 252
WRITE (6+9020) XMONZsIYERsIUW29sIEST s ICALYIACT)

1 IBUY» IMCONF » IWGT s IMENE » IAG
GO 10 275
252 WRITE (6s9u21) XMONZsIYER9IUW2sIESTyICALSIACT
1 JUWZ2 9 IMENE y IPCONF s IAG
GO TO 275

254 IF (KP +GE. NPLUS1)Y GO TO 256
WRITE (6s903U) XMONZsIYERsIUWZ2sIEST» ICALSIACTS
1 IBUY s IMCONF o IWGT 9o IMENE»IAG
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GO TO 275

256 WRITE (699031) XMUNZsIYERsIUW2s[ESTH»ICALSIACTY
1 IUW2 s IMENE s IAG
GO TO 275

258 IF (KP oGEes NPLUS1) GO TO 260
WRITE (69904uU) XMONZsIYERSIUW2sIESTsICALS IACT,

1 IBUY s IMCONF » IWGT s IMENE » IAG
GO TO 275
260 WRITE (695041) XMONZsIYERsIUW2sIESTSICALYIACTS
1 IUWZ, IMENE s IPCONF, 1AG

275 LINE = LINE + 1
IF (KP oNEe ID(10)) GO TO 276
WRITE (65s90ub)
276 1F (LINE «LTe 4U) GO 7O 350
IF ((NPLUSP = KP) +LEe 6) ©O TO 350
WRITE (659006)
LSKIP =1
350 KRA = KRA + 1

YMIN 1040E+10

YMAX 0.0

DO 308 1PP=1sNPLUSP

IF (MEAN(IPP) oLTe YMIN) Yl = MLAN(IPP)

IF (MEAN(IPP) oGTe YMAX) YMAX MEANCIPP)
IF (IPP «GTe N) GO TO 305
IF (UW2(IPP) «GTe YMAX) YMAX Uw2 LIPP)

IF (UW2(IPP) oLTs YMIN) YMIN = Uw2(IPP)
305 IF (ICK +EQe 4) GO TO 308

IF (IPP oLTe NPLUS1) GO TO 308

IF (PCONF(IPP) «GT, YMAX) YMAX = PCUNF(IPP)
308 CONTINUE

DMIN = YMIN

DMAX = YMAX

DEL = (DMAX - DMIN) / 10.0

DO 310 JACK=1+24

IF (DEL eoLEke TAb(JACK)) GO TU 311
310 CONTINUE
311 INK = TAB(JACK)
MIN = DMIN
YMIN = (MIN / INK) % [NK
YMAX = YMIN + 1Ce0 % TAB(JACK)
IYERE = ID(9) - 1990
MYY = ID(8)
DO 315 My=1,12
BLKM(MY) = XMUNTH(MYY)
IBLKY(MY) = IYERE

DO 314 KY=1s4

MYY = MYY + 1

IF (MYY oLEe 12) GO TO 314
Myy =1




C

C

C

314
315

1

400
1
402

425

600

900

9003

VO NJO VW

9000
9001
Suu2

oUvHuUNE

9U04

ouU & wWwN
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IYERE = IYERE + 1
CONT INUE
CONTINUE

WRITE (6+9C0U)

IF (LKASE oNEs 0) GO TO 400 )

WRITE (699UU4) ZLINEL9sDATEsCLINLZsPNMEWCLINEZSID(T)
D1sD2+sPNOsZLINE4sN2]

GO TO 402

WRITE (6990U2) ZLINELsDATESZLINC29PNMEGZZLINE3SID(T)
D1sD2+PNO9ZLINE4SN21

WRITE (649001}

CALL PLOT1 (NSCALLs1Us591198)

CALL PLOT2 (GRIUSG5eU31e0sYMAXIYMIN)

CALL PLOT3 (1H*s TIME(1) +sMEAN{]1) s NPLUSP)

IF (ICK +EQe 4) GO TO 425

CALL PLOT3 (1H+s TIME(NPLUS]L ) s PCUNFINPLUS1)ID(11))

CALL PLOUTS3 (lrXeTIME(L)suw2(i1)sI(1U))

CALL OMIT(1)

CALL FPLOT4 (4]461H wel OHT I N PO UNUSY

WRITE (6+s90U5U) (BLKM(KK) s JOLKY(KK)sKK=1912)

WRITE (6+9051)

CONT INUE

CONTINUE
CALL SPACE

FORMAT (2H %*96Xs41H* oeee VUBSLRVEU UATA eeee * OUSERVEL *

S5UH OTHER #* ess NURMAL JZru DATA eoe * mMEAN *
334 UPPER * AVERAGE * * / 9H * *928Xy
23H¥ NUNRANDUM¥ INUINNAINDUIiKk 9 28R 9 21 H* IReineg % 9o PCle %9
23H  WEIGHT * * / 21h ¥MUNTH %  wWEIGHT #
S51H P £t R C o N T * CAANGES *#  CHANGEo *  welOHT %
52H P £ R C £ N T # VALUE *CUNFeLIMe¥* GRUWTH * »
8H * / 40H * * (LB} ¥  EST  CAL  ALT # ’
53H (LB) * (L8) * (LB) * EST CAL ACT * (
39HLB) # (LB) * (LB/MO) * * )

FORMAT (1H1s131(1H¥*))

FORMAT (1Xs131(1H%*))

FORMAT (1Xe34H* PREDICTIUN ANALYSIS TeCHINIWUL * 36A6 1Xs 1k,
2ut CASE NUMDER # DATL 96XsAdrA2918n % KewUIRLU bUYUFE
6XelH® /7 3H ¥ 929 ([H*)s3H * s6A6scH ¥9 13X lH¥ 9l Xe lH¥*s L
6Xs7H LB # /7 3H ¥ 54m6s0XeoH ¥ s6AOsZ2H ¥93XelTe0X
13H% INPUT TAPE +A69A2925h % LQUIVALENT o/C OR L/iv¥ [/
19H * COMPUTER PRUGKRAMIZX9A397X 93 * 9s6A692H *9135K
17H¥* FILE STATUS NO. s14912H ®* DEFICIT s6Xe7TH LU ®

FORMAT (1Xs34H* PREDICTIUN ANALYSIS TECHNIWUE * »6A60 1Xs LH¥,
20H CASE NUMODER * DATL s6XsA69A2918H * RCUWUIREUL LUYUFF
6XslH® 7/ 3H # 520 (1H¥*)s3H * »6A6s2H #913Xs1H#*921Xs1H¥%,]
6Xs7H LB # / 3H ¥ 34R695XKs3H * sH6A692H #*93XslHU [693Xs
13H* INPUT TAPE 9sA69A2925H * tQulVALENT 9/C UR L/V¥ /
19H * CUMPUTER PROURANMIZIX A3 TXs5H % 26A092H *9Ll3X
17H* FILE STATUS Nue slael2H ® DEFICLIT  26Xs7H LU L



9u05 FORMAT
9006 FORMAT

1

9008 FORMAT

o v £ WN

9ul0 FORMAT
1

2

9011 FORMAT

1

9020 FORMAT

1
2

9G21 FORMAT

1

9L3u FORMAT

1
2l

9C31 FORMAT

1
2

9040 FORMAT

1
2

94l FORFAT

i
2

~

Q50 FORMAT
9uU51 FURMAT

1
2
3

9L55 FORMAT

1

END
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{ / 330 eeseess PREUVICTLYD VALULS sooecose / )
( 3X 9 1lHs / 3x’lHn / 53“ FINAL PREUXCTf_U VALU:b eeses oo L]
/ 3XslHe )
(// 13Xs16HCONTROL WEIGHT s6X95H LB 25X

19HTRADE-UFF FACTOR y6X 910X

32HINTERCEPT DATE Or PReDICTEL LINE  /

93X s 19HWITH CONTROL WtlGHTa5Xs5X /

13X 9 16HREQUIRED BUYUFE +6Xsb5H Lb 35Xy

19HEWUIVALENT DEFICLT »6XsbH LB 1O Xy

39HPRUBABILITY OF oXCouuIng CUNTRUL wolorl 93Xed5H PUlle)
{1X9sA391Xsf291lXslH*¥s18e5n * 93(1392X)9s3H* Iy

[693H #9s2xsl692Xslri% 91 8s3H H*317Xe2lH¥* 9 ]Te3n % sTAs
3H #* s [ 7+2H * )

(1X9A391Xs12s1Xs1H*sI8s5H % 93(1392X) 9 3% ’

6Xe3H #41lUXslH¥* 9189 3H Fel7Xs2ri% 9]7s3H % sy 17

3H % 5 17+2H * )

(1X9A391XsI291Xs1H*s1895H ¥* 93(1392X)93H%* ’

1693H #42Xs1692Xs1lH% s 1B 3H ¥y 17Xs2H¥ s [793H % s 7 X
3H ¥ 9 [792H * )

(1X9A3s1Xel291Xs1H*s[8soH ¥  93(]392X)s3H%

6Xs3H  HylUXelH® 9189 3H  H#9[TXs2H% [ T30 * y1 7

3H * 9 IT792H * )

(1X9n39lXsl2siXslH¥9y18sbH # s3 (139X ) 9y3H* ’

[69s3H  ¥92Xsl692Xein® 5[ B3k ¥yl TXesn® sy [Te3H ¥ s T X
3H %y [T792H ¥ )

(1X9A391Xs[291Xs1IH®*»18y5H * 93 ([392X) 9 3H% ’

6EXs3H ¥ lUXslH¥ 21 8e3H Hyey1T7Xs2H% s1793H * 2y 71X

3H * s [ T792H * )

(1Xsn391Xol291Xs1H¥91895H % 93(1392X)93H*

[693H #92Xs[692Xslrd® s 1893H- %, 17X9s2H¥ »1793H ¥ 17Xy
3H ¥y [ T7e2H * )

(1XsR391Xs[Z2s1XslH®s oo ® 93(1392X)s3H"R ’

6XsoH ke lun s L% slbedm  *el/XscH¥ s [ 79z % sl 7
IH # y [ 720 % )

(9Ae12(A3siXe]l292X))

(48Xesce7Hl I Mo T v moOoNT R / 12X
21H X = QoSERVED wclGHT s 15X

27H % = MEAN LSTIMAT:ZU weoloHT 215X

23H + = CONFIULENCE LIMITS )

(1Xom391Xel292H #91UXslm¥*elT7Xslr¥*s3(10Xs1r%)y
17Xe1H¥33(9Xy1H¥) )
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HISTORY PLOT PROGRAM - 61S (HIS)

This routine produces a printed plot of the historical weight observations. Input to
61S consists of a case number and its associated weight data. This input is specified
on a data card which is read by the Control Program 55S. For a detailed description

of this data card see program 558,
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$IBFTC HISTRY
C

LISTHREF

C ##% HISTORY PLOT ROUTINE FOR THE TRuND SYSTEM
C
INTEGER REELSSWDCT
INTEGER CASENOSTILT
INTEGER CASNO
INTEGER YEAR
COMMON /AL S S/ HC1ou) swWLCT s ID(12) sPROG
COMMON /OGUATE/DATE(2)
COMMON /7SYSTEM/  WNIAPES sRCELO(LIS ) s INTRLO(15)sFILEo(1D)sLKO(LD)
1 PUS(15) s ERLPULILID ) sRWCNT (1D) sun[TL(1Y)
COMMON /PFILE/ NFYLE(G30UU)eNFY(4)
COMMON /PPUG/ ACTUAL (LOU) sCALCLLUGU) oESTHLIOU) s COMI1L) s
1 LSQR(100) sMEANTLICG) 9MmCOUNF (103) sUw2(1ulu)
2 MSQR(1G0) oPCORF (10U 3S1(1UU)eS2(1U0) s
3 TIME(L1GO) oWETIOGHT(100)+8JY (LU0 s TITLE(S) »
4 NeNTOT
COMMON /BLOCK/  NTASE (103 o TTITLEIGG) » AAA (150) » NANUMI10)
1 TBLOCK{30u)s WoLUCK{3UU)s LOLUCK(30u) » iNNUM (1U)y
2 COLOCK (30U) s ADLUCK{3uu)s obLuCk{3uu)
COMMON /ST T/ N21sL1 D29 J1IRUN
COMMON  /HHP/  TURPT s JUPT sKUPTyNPATH
COMMON /Zbe/ ZLINEL(G) 9ZLINCZ(6)sLLINE3(6)sLLINLLLE)
DIMENSION ORID (867)sNSCALE(S)
DIMENSION  XMURNTHU12) sPNME(4) s TAu(24)9BchMmi12) o IBLRY(12)

DIMENSION MASKI(T7)
EQUIVALENCE  (COM(3)sMONTH) s (CUMI4) s YEAR)

DATA TAD /109209503100 0920eU325eU350auUs100e012004u9220e0

1 5006031000060 4200060925006095U0060s1C00009200000
25000e09500004091C0000e04200000609250000e0

3 50000C«091C00000e0/

DATA MASK/1lslsloslslslsl/

VATA  XMJINTH /3aJANs3mbcosonMa s 3HAP K 3HMAY 9 3riouny
1 SHJUL s 5HAUU 9 3HIOLP s 300 CT o 3riNUV e 3L/
UATA PNML /6HHIOTORsH6HY PLUT soH 261 /
DATA PNC /3H615/

DATA NSCALE /1lsts—1s09s-1/

XSTART = 140

XEND = 45,C

DO 50C MUO=1sNTQOT
CALL GeTOAT(IPSWT sMUGsCASENU)
CALL TITeL (CASEND»MASK)

LKASE = CASENO 7/ 1090000

CASNO=CASENC

IF (IPSwT ebuwe 12) GO T0 210

YMIN = 10.0E+10

YMAX = 0.C

DO 150 IP=1,sN

IF (UW2(IP) «GTe YMAX) YMAX = uwelIP)
IF (UW2(IP) eLTe YMIN} YMIN = UW2(IP)

150 CONTINUE




C
C

DMIN
DMAX
DEL = (
DO 2Cv
IF (bEL
200 CONTINU
205 INK ¢ T
MIN = D
YMIN =
YMAX =
GO TO 2
210 CONTINU
YMIN
YMAX
212 1YERE =

Reference No.

61.4

Issue Date 23 Dec 1965
13 August 1965

Supersedes

YMIN

YMAX
DMAX = DMIN) / 1040
JO=1y24

elLbe TAD(JO)) GO Tu Zub
.
AB(JC)
MIN

(MIN / INK) % INK
YMIN + 1040 * TAB(JO)
12
3
comM(ill)
COM(12)

YEAR - 1900

MY = MONTH

DO 22y
BLKM(M]
IBLKY (M
DO 216
MY = My
IF (MY
MY = 1
IYERE =
216 CONTINU
220 CONTINU
WRITE (
IF (LKA
WRITE
1
GO TO 2
2230 WRITE (
1
234 CONTINU
WRITE (
CALL PL
CALL PL
CALL PL
CALL OM
CALL FP
WRITE (
WRITE (
500 CONTINU

MI=1,12

) = XMUNTH(MY)

I}y = IYERE

KI=1ls4

+ 1

«LEs 12) GO TO 216

IYERE + 1

4

£

69900V

SE elNce U) GU TO 230

6yGuvh)  ZLINEIsDATLsZLINGZ2sPNmE ssLInE3sCASING Y
V19D sPNOsZLTINELyNZ]

34

6sGLv) ZLINLY sODATu s ZLINE2yPNME s ZLINE3sCAONUY
D1sDZ2sPNOsZLINEGSN2]

E

6+s9CC 1Y

OT1 (NSCALEs1Us5s1198)

UTZ2 (ORIUSXENUSXSTART s YMAXyYMIN)

GT3 (IHASTIMEC(L) »UW2 (1) 9N)

IT (1)

LJUT4 (41941H w ol onT I i P uuiNnUL O )
69Gulu) (BLKM{J)»IBLRY{(J)eJd=1912)

69350l1)

E

CALL GCODE

90N0 FORMAT
9001 FORMAT
9002 FORMAT

£ U N

(1H1»131(1H*}))

(1Xs131(1H*))

(1Xe34H% PREDILCTION ANALYSIS TuChENIWUE % s6A6 1Xs lH*,
2UH CAOE NUMbLER ¥ UATL s6XsAbrAZsloH ¥ KowUIREL nuYubi
6XelH¥*  / 3H X 932G 01HAR )3 ¥ sEAGsH FelsXelHFeLlAs L]
6Xe7H LB #* / 3H ®* s4RrosoXesn K s 0AbsiH KedAsl 70X
13n% INPUT TAPE sAbsAZ2e20H * cuulVALLNT o/C urR L/V¥  /



C

5
6
0004 FORMAT

ouUv s

9010 FORMAT
9011 FORMAT
1

END

19H # COMPUTER PROGKAMI3XsA3,7Xs3H %
L7H*. FILE STATUS NO.

2»14512H * DEFICIT
(1Xs34H% PREDICTION ANALYSIS TECHANIGUE *

Reference No. 1.5-.
Issue Date__ ___ 23 Dec 1065
Supersedes___13 Augugt 1965

y6A6»2H %913 Xy
26X TH LB *
26A6 1 X9 lH¥,

20H CASE NUMbEtR * DATE 16XsA69A2+18H ¥ RCQUIREL oUYUFF,

6Xs1H#*
6Xs7H LB

/ 3H % 929 (1H%*)s3H *

* / 3H * 44A695Xy3H ®

13H% INPUT TAPE -9A69A2925H * EQUIVALENT 5/C UR L/V® /

19H * COMPUTER PRUURAMI3XsA3sTXs3H %
17H* FILE STATUS NUe
(9Xsl2(A391iX51292X))

(48X927THT I m &t I N MONTHS
21H X = OnSFRVED WRIGHT

slay12H * DCFICIT

s6A692H *¥5 13Ky
26X TH Lb *

/12Xy
y5UXs2uHR%% HISTURY PLUT #**%

P6A62H #913Xy1H¥921Xs1lH¥y1
26AB92H *33Xs1lHUs 163X

)

)




Reference No. 62.0
Issue Date 23 Dec 1965
Supersedes 13 August 1965

TITLING SUBROUTINE - 62S (TITEL)

This subroutine is available to each program that requires automatic title generation
from the case number.

The subroutine breaks up the case number into four parts -
(06 }11]2]36).

Each part is used in a series of table lookups to generate one line of titling for tabular
output, Upon return from the subroutine, the case title is stored in the labeled COM-
MON block /ZEE/Z1(6), Z2(6), Z3(6), Z4(6) with one line of titling stored in each of
the arrays Z1, Z2, Z3, 74,

Control over this routine is maintained by the calling program.

Case Identification Number and Title List

The seven-digit number used to identify specific items for which weights are tabulated
is also used to provide titles for computer printouts. These titles have been revised
as of September 28, 1965, and are to be used for all titling until a further revision

(now in preparation) is issued. The revised title list is as follows:



Case Identification Number and Title List

Reference No.

62,0, 1

Issue Date 23 Dec 196
Supersedes T3 August 186%

First Two Digits 3rd and 4th Digits 5th Digit 6th and 7th Digits
Class and Serial Mission Phase
Number of Vehicles Stage or Module and Time Functional Code
51 = Saturn V Launch 00 = Launch Vehicle 0 = (Blank) 00 = (Blank)
. e o1
Vehicle SA-501 Payload Capability 1 = (Blank) 03 = Structure-Stage
5 = = -
° Satu.rn v LaEHCh 10 = S-IC Stage Dry 2 = (Blank) 04 = Propulsion System
Vehicle SA-502
11 = 8-IC Stage at 3 = (Blank 06 = Equipment and
53 = Saturn V Launch Separation = (Blank) - I qt P tation
Vehicle SA-503 4 = (Blank) nstrumen
20 = S-IC/S-II Interstage 07 = Residual and Reserve
56 = Saturn V Launch at Ground Ignition 5 = (Blank)
: Propellant
Vehicle SA-504 22 = S-IC/S-II Interst 6 = (Blank
& Subs - - nlerstage = (Blank) 08 = Aux, Propellant-
Ground Ignition 7 = (Blank) Power Roll
54 = Saturn V Launch (2nd Vehicle) - °
i -5 = =
Vehicle SA-504 30 = S-II Stage Dry 8 = (Blank) 09 gilag:lll:g;:ket
55 = Saturn V Launch 9 = (Blank) op

Vehicle SA-505

7]
2

etc.

69

31 = S-II Stage at
Separation

40 = S-II/S-1VB Interstage
at Ground Ignition

50 = S-IVB Stage Dry
51

= S-IVB Stage at
Separation

60 = Instrument Unit

61 = Instrument Unit
at Ground Ignition

21 = Saturn IB Launch
Vehicle SA-201

22 = Saturn IB Launch
Vehicle SA-202

23 = Saturn IB Launch
Vehicle SA-203

24 = Saturn IB Launch
Vehicle SA-204

25 = Saturn IB Launch
Vehicle SA-205

26 = Saturn IB Launch
Vehicle SA-206

27 = Saturn IB Launch
Vehicle SA-207

28

39

00 = Launch Vehicle
Payload Capability

10 = S-IB Stage Dry

11 = S-IB Stage at
Separation

20 = S-IB/S-IVB Interstage
at Ground Ignition

50 = S-IVB Stage Dry
51

= S-IVB Stage at
Separation

60 = Instrument Unit

61 = Instrument Unit
at Ground Ignition

Same as above

Same as above




Reference No.
Issue Date

62.0.2
23 Dec 1965

Supersedes 13 August 1965

Case Identification Number and Title List (Cont.)

First Two Digits

Class and Serial
Number of Vehicles

3rd and 4th Digits

Stage or Module

6th and 7th Digits

Functional Code

01 = Block I Spacecraft
Mission 501

02 = Block I Spacecraft
Mission 502

03 = Block II Spacecraft
Mission 503

04 = Block II Spacecraft
Mission 504

05 = Block II Spacecraft
Mission 505

06 = Block II Spacecraft
Mission 504 & Subs

07 = Block II Spacecraft
Mission 507

08

19

00 = Total Spacecraft

10 = LEM Ascent Inert
11 = LEM Ascent

12 = LEM Ascent Total
20 = LEM Descent Inert
21 = LEM Descent

22 = LEM Descent Total
30 = LEM Gross

40 = Spacecraft Adapter
50 = Service Module Dry

51 = Service Module

Inert

52 = Service Module
Gross

60 = Command Module
Dry

61 = Command Module

62 = Command Module
Gross

67 = Command Module
Gross

70 = Launch Escape
System

71 = Launch Escape
System

5th Digit
Mission Phase
and Time
0 = (Blank)
1 = At Liftoff
2 = (Blank)
3 = (Blank)

4 = At Injection
5 = At Injection

6 = (Blank)
7 = At Burnout
8 = (Blank)

9 = At Burnout

71 = Block I Spacecraft
Mission 201

72 = Block I Spacecraft
Mission 202

73 = Block I Spacecraft
Mission 203

74 = Block I Spacecraft
Mission 204

75 = Block I Spacecraft
Mission 205

76 = Block I Spacecraft
Mission 206

77 = Block II Spacecraft
Mission 207

78
etc,
99

Same as above

Same as above

00 = (Blank)
01 = Crew Systems

02 = Stabilization and
Control

03 = Structure
04 = Propulsion System

06 = Navigation and
Guidance

08 = Propellant-Useable

11 = Earth Landing
System

13 = Ballast Installation
Provisions

14 = Propulsion System
Jettison

16 = Environmental
Control System

17 = Reaction Control
(Useful Load)

21 = Controls and
Displays

23 = CM Boost Protective
Cover

24 = Propulsion System
Jettison Motor Skirt

26 = Instrumentation

27 = Electrical Power
(Useful Load)

31 = Scientific Equipment
(Useful Load)

34 = Propulsion System
Pitch Control

36 = Electrical Power Sys,

37 = Environmental Con-
trol (Useful Load)

41 = Landing Gear
46 = Reaction Control Sys,

47 = Main Propulsion
(Useful Load)

56 = Communications

57 = Crew Systems
(Useful Load)

66 = Separation System
67 = Ballast

76 = Propellant Dispersal
System




Reterence No. 62.1
Issue Date 23 Dec 1965

Supersedes_13 August 1965

Enter

Flip Subroutine
Strips Digits
from 7-Digit
Case Number

b
) Table Lookup Title
’ First 2 Digits Table
-] 1
Table Lookup Title
Yy 3rd and 4th Digits Table
- o 2
A Table Lookup Title
5th Digit Table
\
!___.’ o 3
1
Table Lookup .
6th and 7th Digits ,;r;gf
— - e

Each of 4 Lines
Stored in an Array
in Blocked
Common Storage

Return
to Calling
Program




Reference No.__ 82,2
Issue Date___ 23 Dec 1965

Supersedes____13 August 1965

$IBFTC TITEL LISTsREF

C

C

C

SUBRQUTINE TITEL (LCASEsMASK)
COMMON  /4tt/ LZLINEL(6)9ZLINEZIG)YsLLINER(B)»ZLINELLB)

DIMENSION MC1(46)9MC2(46)sMC3(46)sMCL{46)9MCEILY)

1 MCBL10)sMCO(46)9FTOU36)9sTFULI30)sTFD2(42)
2 TFD3(18)sTFD4(6C)sTFD5(48)y100T(10) s JTABI4G)
3 FID(60)»SSD1(42)955D2160)s5503(6U)155D4(54)

DIMENSION MASK(7)

C *x** TABLES OF TITLES

C

VATA FTD /36HSATURN V LAUNCH VEHICLE SA-

’
1 36HSATURN 18 LAUNCH VEHICLe SA- ’
2 36HBLOCK [ SPACECRAFT MISSION ’
3 36HBLOCK II SPACECRAFT MISSION ’
4 36HSAT V. LAUNCH VEHICLE SA- + SUDS)
5 36HBLK 11 SPACECRAFT MISSION + SUBS/

DATA TFD1 /36HLAUNCH VEHICLc PAYLOAD CAPABILITY ’

36HS-1VB STAGE DRY

36HS-IVB STAGE AT SEPARATION

36HINSTRUMENT UNIT

36HINSTRUMENT UNIT AT GRGUND IGNITION
DATA TFD2 /36HS-1C STAGE DRY

36HS-1C STAGE AT SEPARATION

36HS=1C/5-11 INTcRSTAGE AT GRND IGNIT

36HS-1C/S~-11 INTERLTAGE GR Iu (2NU VEH)

36HS-11 STAGE DRY

36HS-11 STAGE AT SEPARATION

36HS-11/5-1VB INTERSTAGE AT GRND IGNIT
DATA TFD3 /36HS-1b STAGE DRY

36HS-18B STAGE AT SEPARATION

36HS-1B/S-1VB INTERSTAGE AT GRNU IGNIT
DATA THD4 /36HTOTAL SPACECRAFT

36HLEM ASCENT INERT

36HLEM ASCENT

36HLEM ASCENT TOTAL

36HLEM DESCENT INERT

36HLEM DESCENT

36HLEM DESCENT TUTAL

36HLEM GROSS

36HSPACECRAFT ADAPTER

36HSERVICE MODULE DRY
DATA TFD5 /36HSERVICE MODULE INERT

36HSERVICE MODULE GROSS

36HCCMMAND MODULE DRY

36HCCMMAND MODULE

36HCOMMAND MODULE GROSS

36HCUMMAND MODULLE GRUSS

36HLAUNCH LSCAPE SYSTEM

2O6HLAUNCH tSCAPc SYSTEM

N - (230G I S PORY R ) £ W

(Yo« TRENEN o LG I SR OO N

NP % v @ 6 @ ¢ P Y W e W e WY P N ¥ N Y W PO W W WY W

~NOU W




Reference No. 62,3 -,
Issue Date

Supersedes 13 August 1965

DATA FID /36H ’
36HAT LIFTOFF ’
36H ’
36H ’
36HAT INJECTION .
36HAT INJECTION ’
36H ’
36HAT BURNOUT s
36H ’
36HAT BURNOUT /

DATA SsD1 /36H s
36HSTRUCTURE-STAGE N
36HPROPULSION SYOTEM ,
36HEQUIPMENT AND INSTRUMENTATION ’
36HRESIDUAL AND RESERVE PROPELLANT ’
36HAUXe PROPELLANT-POWER ROLL s
36HULLAGE ROCKET PRUPELLANT /

DATA SSD2 /36H ’
36HCREW SYSTEMS ’
3O6HSTAsILIZATION ANU CONTROL ’
36HSTRUCTURE ’
35HPROPULSION SYSTEM ’
36HNAVIGATION ANV GUIDANCE ’

36HPROPELLANT-USEABLE ’

’
’
/
’
’
’
’
’
s
’
’
’
/
’
)
’
s
’
s
’
L
/

VXU H WN -

oV wN

36HEARTH LANDING SYSTEM
36HBALLAST INSTALLATION PROVISIONS
36HPROPULSTION SYSTEM JETTISON
DATA $8D3 /36HENVRIONMENTAL CUNTROL SYSTEM
36HREACTION CONTROL (USEFuUL LOAUL)
36HCONTROLS AND DISPLAYS
S6HCM bOULST PRUTLCTIVE COUVeR
A6HPROPULSIUN oYo JLTTISUN MUTUR SKIRT
36HINSTRUMENTATIUN
36HELECTRICAL PUWER (ustFUL LOAD)
FO6HSCIENTIFIC LwulPMENT (USEFUL LUADL)
36HPRCPULSTION SYoTEM PITCH CUNTRGL
36HELECTRICAL POWEZR SYSTEM
DATA SSD4 /36HENVIRONMENTAL CUNTROL (USEFUL LOAD)
36HLANDING GEAR
36HREACTICN CONTROL SYSTEM
36HMAIN PRUPULSIVN (USEFUL LUAD)
36HCOMMUNTICATICNS
36HCREW SYSTEMS (JseFul LUAD)
36HSEPARATION SYSTEM
36HABALLAST
36HPROPELLANT DISPERSAL SYSTeM
DATA IDOT  /197513519925531937943949955/
DATA JTAB  /0U»192935s495:69735899510911812313914916517920921 94>
1 23324926927 93U931934936937940419465479509019520
56957+16Cr61352+669ETsTCsTLs 76/
CATA MC1 /190909090 sC909090s0sC20909sCs0905090909090+090+050»
1 C’OpOyOsO’C,0,0;791390,0,0919’25’09000’0'010/
DATA MC2 /0905090509 Us0sUsuUs0slsTesus0sUausUs13s0Us19s0sUsUIUILDY

VO ~NOU £ WK —

Vol o IRV o R LN SR PN \ SR ]

T NOU S LN
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221

222

224
225

Reference No.

—_— 62,4
Issue Date 23 De¢ 1965

Supersedes___15 Augyst 1965
1 31oUsUsU9e37509sUsUsUsUsUIUIUsUsUsuUsUsUIUIUID/
DATA MC3 /0Us0sUaUsUsUsQsUsUsUslsTsuslsususUsl3s0s0sUsUsusUsUs
1 009U 0sUsLs0sUsuslaUsUsuslsUsUysusdslsls0/
DATA MC4 /1900909000909 0909057913519905050909259319373050909Us43,
1 Co0s0Us0s495C 909359559197 909091351992590s31937943507

DATA MCE /1979135195259 31 93743549455/

DATA MC8 /1lsvslUsT9135019922931937/

CATA MCY /19791351992590931909379050984350+49995519750

1 139U9199259319379094394995591 309791391990 9Csu

2 2593190 rUs37 9435090949/

VDATA  IONEs I TWUs ITHREE S [FOURSIFIVEs ISIXsIoEVEN /19293 94959697/
CATA  BLANK /6H /

DO 1ul NN1=1,6

ZLINEL(NN1) = BLANK

ZLINE2(KRN1) = BLANK

ZLINE3(NN1) = BLANK

ZLINE4(NN1) = BLANK

JCODE = 0

ROUTINE FCR FIRST AND SECONDL DIGIT
IA = C

IB = LCASE

CALL FLIP (IAsIBs»IONE)

ISAVE = IA

IA = TA + 1
GO TO (2219¢d192229222950094239223922492249224)1A

ICODE = &
GO TG 225
ICODE = 2
GC TO 225
1CODE = 1
GO TO 225
ICODE =-3
IA = C

CALL FLIP (TAsIB»ITWO)

IF (1A oetbde 6 oANDe ILAVL obtlde 5) Jlube = ©
IF (1A +tEQe & «ANUe ISAVE «£Qe O) JCOUDE = 6
[F {ITA «Gte 7 «ANUe lOAVE oGRe 7) [CUDL = 4
[F (IA +ZQs I oAND. ISAVE +EQe ©O) [cupe = 2
[F (TA +54e < «ANDs [SAVE Qe Q) 1Cube = 3
GO TO (251925252529251)1CCDE

IBC = 50v .

IF (1A escte 7 eANue ISAVL eLbhe 7) 16C = 20C
GO TC 253

IBC = 20u

IF {IA «cQe¢ 1 oANULe [SAVE etQe Q) [oC = 500
IF (1A JEGe ¢ oANUe ISAVE obQe 0) IBC = 500

Al = IA
IF (ISAVE +tQe v eANDe A oetQe 6) IAl = 4
IF (ISAVE +EQe 5 «ANDe IA +EQe 6) [AL = 4

IBC = IBC + 1Al




la¥aNaXal

256

258

260

262

263

264

265

#* 3 *

280

$86

Reference No.
Issue Date
Supersedes

IF {MASKI(1l) oEQe v +AND . MAbK(Z)
GO TO (2569258+2609262)»I1CODE
IF (JCUDE oEWe 5) O TO 257
IBEG = 1

NNC = 18

NND = 18

GO TO 264

IBEG = 25

NNC = 12

NND = 18

GO TO 264

IBEG = 7

«£Qe 0) GO TO 275

GO TO 264
IF (JCODE
IBEG = 19
NNC = 24

NND = 12

GO TO 264
IBEG = 31
NNC 12

NND 18

DO 265 MAM=14+6

ZLINE1(MAM) = FTD(IBEG)

IBEG = IBEG + 1

CALL INDIFE (NNCoNANDsZLINEL(S)sIBCsZLTILCH)

IF (IBEG otWe 13 «ORe IBEG otQe 25) ZLINEZ1(G) =

«EQ. 6} GO TO 263

Z1ILCH

ROUTINE FOR THIRD AND FOURTH DIGIT

1A = 0

CALL FLIP (l1AsIbsITHREE)

IF (ISAVL .LT- 2 «0Re I1SAVE .UT' 6)
IF (1A oLTe 1 sURe [A oGTe 4)
KCODE = 2

GO TO 286

KCODE =1

GO TO 286

0O Tu <84
Gu TO <Z8v

KCODE = 2

CONT INUE

IC = TA % 10

IA = 0

CALL FLIP (TAsIBsIFOUR)
IC = IC + 1A

IF (MASK(3) etue v
DO 29u MM=1s46

erliUe MAOK(4) stue uU) wU TU 3u4

23 Dec

ugust
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Reference No. 62.5.1
Issue Date 23 Dec 1965

Supersedes 13 August 1965

IF (IC +EQe JTAB(MM))} GO TU 292
290 CONTINUE
GO TO 304
292 GO T( (2934295,299) ,KCODE
293 IF (MC1(MM) «EQs O) GO TO 304
INDEX] = MC1(MM) - 1
DO 294 MN=1,6
JNDEX = INDEX1 + MN
294 ZLINE2(MN) = TFD1(JNDEX)
GO TO 304
295 IF (ICODE «EQs 2) GO TO 297
IF (MC2(MM) +EQs 0O} GO TO 304
INDEX1 = MC2(MM) - 1
DO 296 MN=1,6
JNDEX = INDEX1 + MN

296 ZLINE2(MN) = TFD2{JUNDEX)
GO TO 304

297 IF (MC3(MM) +EQe O) GO TO 304
INDEX1 = MC3(MM) - 1

DO 298 MN=1,6
JNDEX = INDEX1 + MN

298 ZLINE2(MN) = TFD3(JNDEX)
GO T0O 304

299 IF (MC4(MM) «EQe 0) GO TO 3046
INDEX1 = MC4i(MM) - 1

DO 300 MN=1,6
JNDEX = INDEX1 + MN
IF (MM ,GT. 34) GO TO 301

ZLINE2(MN) = TFD4(JNDEX)
GO TO 300
301 ZLINEZ2(MN)Y = TFDS5(JNDEX)

300 CONTINUE
304 CONTINUE

*¥x% ROUTINE FOR FIFTH OIGIT
IA = 0
CALL FLIP (IAsIBsIFIVE)
IF (MASK(5) «tEQe 0) GO TO 309
DO 3C5 MO=1,10
IF (IA +EQe JTAB(MO)) GO Tu 306
305 CONTINUE
306 IF (ICODE eclie 1 oURe ICODLLE otWe 2) GO TU 309
IF (i CHiMO) «Qe v)Y GO TU 309
INDEX1 = MC6(MO) - ]
DO 307 MP=146
JNDEX = INDEX1 + MP
307 ZLINE3(MP) = FID(JINDEX)

*%% RCUTINE FCLR SIXTH AND SEVENTH LIGITS

309 1A = ¢




(AT NN

310

312

320
324

334
336

500

CALL FLIP
IE = TA
1A = 0

CALL FLIP
[E = 1IE +

(TA»IBISIX)
10

(TAsIBs ISEVEN)
IA

[F (MASK(6) +tQe J
DO 310 MM=1,46

IF (IE +EQe JTAB(MM))
CONTINUE

GO TO 500

[F (ICuUot oLGe 3
[F {IE «uTe 9) GU TO 500

IF (MC8(MM) otQe v} GO TO 20C
INDEX]1 = MC8(MM) - 1

DO 326 MN=1s6

JNDEX = INDEX1 + MN

ZLINE&4(MN) = SSD1CJUNDEX)

GO TO 5C0

«AND

«URe [CUDLL

«GT W
el b
(IE oLt
IF (IE «LE.

IF
IF
IF

(1E
(IE

76)
76)
36)

GO TO 500
121P 3

[Z21P 2

14) 121P 1

IF {MC9(MM) «cQe v) GO TO 50¢
INDEX1 = MC9(MM) - 1

DO 336 MN=1+6

JNDEX = INDEXL + MN

GO TQ (332+3334334),121P
ZLINE4(MN) = S5SD2UJNDEX)

GO TO 23¢
ZLINES4 (MN)
GO TO 336

C unn

SSD3LUNDEX)

ZLINE4 (MN)
CONTINUE

SSD4LUNDEX)

RETURN
END

MASK (7))

GO Tu 312

elide

sblle

4)

Reference No.

62.5.2° .
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$IBFTC FLIP LISTSREF
SUBROUTINE FLIP (IsJsK)
IDIV = (10¥%%(7-K))

IC = J 7 IDIV

J = MOD (JsIDIV)
1 = (I % 10) + IC
RETURN

END
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$IBMAP INUDIFE LISTSREF :
ENTRY INUIFE
INDIFe SAVE 19294
CLA* 394
STO GOO
STA SHFT1
CLA* Gyb
STA SHFT2
STA SHFT3-1
ADD GO0
STO GOO
CLA =36
suB GO0
STA SHET3
ZAC
LDQ#* Seds
SHFT1 LGL * %
SLw SAVEA
sTQ SAVEM
CLA* 64
LRS 2
AXT 6l
VDP CONST+64146
TIX #=191yl
RQL 18
CAL SAVEA
SHFTZ LGL *#
SLw SAVEA
STQ GOO
CArL GOC
TZE ZO0M
CRA =0006V606C6060
TRA k42
Zo0M CAL =H
SLwiw Tab
CAL SAVLA
LDAQ SAVEM
RQL 3%
SHFT2  LGL %%
SLwx Sl
ER RETURN INUIFE
GOQ BSS 1
SAVLAE PSS 1
SAVEM  BSy 1
CUNST  DEC 1evodlsletavesleldbivslresolosibtlo7slol

END
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SUMMING PROGRAM - 638 (SUM)

The Summing Program performs a summation on the predicted weights of each func-
tional system which comprise a given stage, module, spacecraft or launch vehicle. It
is possible to sum any group of functional systems as long as every member of that
group has a case number in which one or more of the leading digits are identical, That
is, we could sum the predicted weights for all functional systems having the first four
digits of 2211 (i.e., representing the Saturn IB Launch Vehicle SA-202, S-IB stage at
separation) or we could sum the predicted weights for all functional systems having the
first two digits of 22 (representing the Saturn IB Launch Vehicle SA-202), etc. It is
assumed that the trend prediction programs have been executed and there is available
as input, the four binary data files representing the linear, nonlinear, Fourier, and

logistic modes.

INPUT

For each stage, module, launch vehicle, or spacecraft to be summed, there is re-

quired the following set of cards:

CARD A

To sum a typical group of cases, you need a general case number which-is a 7-digit
number and a mask number which is a number between 1 and 7. The mask number
tells the program the number of digits to sum on. The remaining digits on the left

(7 - mask number = MN) will be the first MN digits which all of the summed functional
systems will have in common. For example, an extreme general case number of
0000000 with a mask number of 7 would sum all of the functional systems on the tape.
A general case number of 5650100 with a mask number of 7 would sum all of the func-
tional systems whose case number are greater than or equal to 5650100, A more
practical example would be a general case number of 5650100 witha masknumber of 4,
This would sum all of the functional systems starting from 5650100 to, but not includ-
ing, 5660000, Another example would be a general case number of 0640000 with a
mask number of 3, This would sum all of the functional systems starting from 0640000
to, but not including, 0641000,
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The mask number has a second purpose, which is to create a masking index for the
Titel Program which will, in turn, generate a general title for the applicable sum-

ming run,

The first item of information on Card A is the general case number. The next item of
information to be included on this card is an indication of which prediction mode (lin-
ear, nonlinear, Fourier, logistic) will be used in the majority of the functional systems
to be summed. Thus, if some particular module is composed of six functional systems
and it has been decided to use the nonlinear mode for summing in four of the six cases,
then the nonlinear mode would be so indicated on this card. The following code is
used to make the above indications:

1  Linear mode

2 Nonlinear mode
3  Fourier mode
4

Logistic mode

The summing program will sum the predicted weights from the last observed weight
aut to the shipping date weight. Thus, if some functional system is not current, the
summed weights will be in error, since the program sums from the last observation
and does no checking of dates. The third and fourth pieces of information appearing

on Card A arethe current date of the latest observation (e.g., 9 1965).
The final piece of information is the mask number followed by an asterisk (*).

Thus, a typical Card A would appear as

r——Columns 7—72———1
5650100 2 9 1965 2 ¥

CARD B

For each functional system that is not to be summed in the mode specified on Card A,
a type-B card is required. Two options are available:
a. The user may specify a prediction mode other than the one specified on
Card A. In this case, all that is required is the case number of the functional

system, the desired mode to be summed, and the word TREND,

Columnsg 7= 72
5650103. 4, TREND




CARD C
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The user may specify that a line with constant slope be summed, rather than
one of the four trend prediction lines. In this case, it is necessary to give
the case number of the functional system, the desired weight at the last ob-
servation, and the desired slope of the line. The slope may be positive, neg-

ative, or zero.

Columns 7—72ﬁ
5650106, 629, -5,

NOTE

All numbers punched on the B-Card will be punched with decimal point,

If the word END is followed by an asterisk (punched in Columns 7 - 72), the card signi-

fies the end of summing for the particular general case number specified on Card A,

NOTE

1. Card A and Card C are required whenever a sum is desired.
Card B is optional. If Card B is not present, all functional
systems will be summed in the mode specified on Card A.

2. Each set of A, B, and C Cards must appear in ascending
order by general case number,

3. The last data card in the summing deck contains the words
END OF SUMS followed by an asterisk., When this card is
encountered, control is returned to SPACE,

EXAMPLE OF A DATA DECK

5650100
5650103

5650106,

END

7470000
END

1 9 1965 2 % Sums all functional systems (whose case
numbers have the first five [7 - mask
2. TREND number, 7-2] digits 56501) in linear
29, 3. mode; except 5650103 on which the non~-
N linear mode is used, and 5650106 on
which an arbitrary line with a slope of 3
is substituted.

3 9 1965 4  * Sums all functional systems (whose case
* numbers have the first three (7- mask
number, 7-4) digits 747) in the Fourier

YND OF SUMS * mode,
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OUTPUT

Output consists of a printed tab which contains the sums of the functional system for

each stage or module. An example is given on the following page.
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$IBFTC SUMING LISTSREF
COMMCN  /GGDATE/DATE(2)
COMMON  /ZEE/ ZLINEL1(6) oZLINE2(6)sLLINES{6)sZLINLL(E)
COMMON /ACCESS/  HC(10C)sWDCT,ID(12)yPROG
COMMON /SYSTEM/  NTAPES REELS(15) sCNTRLOS(1IS) sFILES(15) sLRO(LY )
1 POS(15) s TRLPOS(15)sRWCNT(15) sUNITo(15)
COMMON  /PFILE/ NFYLE{(49300)4NFY(4)
COMMON /PPOG/ ACTUAL (100)sCALC(10U) sESTIL10U)»COMI12)
LSGR(1U0) s MEAN(IUVG) s MCONF (10U) sUW2(1uu) s
MSQR(1UU) s PCONF(1LU) 951 (10U) 9520100
TIME(IOU) sWEIGHT (100Q) sBUY{100)»TITLLE(9))
NsNTOT
COMMON  /STT/7 N21sD1lsD2yJIRUN
REAL  MEAN
INTEGER RELLS
INTEGER WDCT
INTEGER GENCASsEXCASESOLDTAP s XDCT s CASENO
INTEGER DOM(3,25)sMOM(3,25)

S wW N

EQUIVALENCE (TOM(1)»GENCAL ) 9(TOMI2)sITAPLE Y

1 (TOM(3) sMONTH) s (TOM(4) s MYEAR) s (TOM(5) s MASKINU)
EQUIVALENCE (HC(1)sIC1)s(HCI2)sIC2) s (HCI3)sIC3 s (HUlL4)s[Ch)
EQUIVALENCE (DOMsBOMY 9 ( XUy MOUM)

UIMENSION  TuUM(5) s WT(100) s XUM(3925) sBUIMI3925) siiF (&)
DIMENSTON wTA(lO0u)y»swTClluu)swlic(luu)yswiM(luu)
DIMENSTON XAUNTH(12) s PNME (&)

VUIMLNSTON FAT{16)sSKIP1(8)sSKIP2I1IU)sFUMT(16)9sMASKIT)
DIMENSION TYPE(5)sHLAD(18)

OIMENSTION TWADS(8) sNDLN(18)sNCAZ(3)

DATA TYPE /3HRLINs3HNLINS3HFUR s 3HLUGY 3HARDL/

OATA NCAX s NDLNK /GHCASE 60 /

CATA FuiT /48HI1Xs59H¥*SUMMATION® CALE *  DAT: % L InNE % LIine

1 48HE  * £ST CAL ACT %y L(L1XsI7) O3IXylnmk) /
DATA SKIP1 /748H 1{(1Xs 2(1Xs 3(1Xs 401Xy 5(1Xs 6(1Xs T{1Xe 8(1Xs/
DATA 5KIP2 /748H 63X H5Xs 47X 26X 31K 23R 1oA TAss
1 6H s 6H T1Xs/

vATA Xvid i Tr JB3HJANs 3FlFCB s SHMARK s 3HAP Ky SHNMAY 9 3HJUINI 3HJ UL s DHAUG s
1 3HOEP ¢ BHOCT 9 3HINUV s 3HLEL/

DATA PNME /24HSUMMT NG PRUGRAM /

DATA  PNO /3H635/

CLATA HLAD /48HTHEL ruLLuwling ARBI TRARY CALES Anv LHUIK AOOUCTAL Y
1 48HLD WEITUHTS HAVEe boeN uscp TO REPLACE THuUsE Uiy
2 12H RECORD. /

CATA TREND/SHTREND/

DATA IONE /17

DATA END/3HEND/ sNP/1s19191/

DATA CF/2HOF/ s SUML/4HSUMS Y/

WRITE (6+9013)

IF( WDCT  +EQ. Q) GO TO 1
NFY(1)=IC1

NFY(2)=1C2



600

601

250

251

254
253

10001

41

38
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NFY(3)=1C3

NFY(&4)=1C4

CALL READH(TOM)

IF(TOM(1) ebWe ENUV oANDe TUM(2) otle UF ¢ANDe TUM(3) esbuwe SUMO

CALL SPACE

MYEAR = MOD{(MYEAR»s10OU)

DO 6CC I = 1418

NBLN(T) = NBLNK

DO 601 I = 1,8

NCAZ(I) = NBLNK

IWABS(IYy = O

DO 2 1I=1,100

WT(I) = DO,

WTACL) = Qe

WTC(I) = O,

WTE(I) = 0o

WTM(1) = O,

CONTINUE

Do 250 I = 1,7

MASK(TI) = O

0O 251 1 = 1,16

FOMT(1) = FMTI(I)

DC 253 I = 143

DO 254 J = 1425

DOMlied) = U

XOM(1sJ)y = Co

CONT INUE

CONTINUE

ICQUNT = U

KK = 7 = MASKNO

DO 3 I = 1,KK

MASK(TI) =1

CONT INUE

IF  ( GENCAS o NEs O ) GO TO 4

WRITE (6+10CC1H

FCRMAT (1HU»2UX933HERROR - GENLRAL CASE NUMBER = 0

CALL SPACE

K = MASKNO

CALL TITEL (GENCASIMASK)

CALL READH({ XUMs IMAX)

IMAX = IMAX / 3 + 1

IMIN = IMAX - 1

IGEN = IMAX

CALL SORT(XOMsIMIN»3s1)

KGATE = O

KGATE = KGATE + 1

EXCASE = XOM(1+KGATE)

NTAPE = XOM(24+KGATE)

IF { XOM(3sKGATE) Qe TREND ) XOM(3sKGATE) = 9999999,

IF ( XOM(1sKGATE) «EGe END ) EXCASE = 9999999

NZiL= ISIGN(NP(ITAPE)»REELS(ITAPL))

)



40

-

202

203

204

2065

206

207
208

209

IF(NP(ITAPE)
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«GTe NFY(ITAPE)) GO TO 6

NF= REELS(ITAPE)»#1000 + NZL
CALL READBI1(NFs1)

CASENO=IDI(7)

NTEST = CASENO - GENCAS

IFC NTEST
IF( NTEST
NP(ITAPE) =

IFC NP(ITAPL
NzZL=

.bT. .
eGTo
NPCITAPE) + 1

oANDe NTEOST LT,
(10%%K) )

(10%%K) )

)eGTe N-Y(ITAPE)) GO TO 6

ISIGNINP(ITAPE) »REELS(ITAPE))

NF= REELS(ITAPE)*1000 + NZL
CALL READB1{NF»s1)

CASENO =
IF( CASENO
IF({ CASENO

Ib(7)
.LT.
LT,

[IF( CASENO +EQ. EXCASE )

IF  ( XOM(3sKGATE)

IF ( XOM(1sKGATE)

GENCAS ) GO TO 40
EXCASE ) GO 70 10
NECITAPEY=NP (ITAPEY+1
«EQe 9999999, ) GO TO 7

oQe END ) GO TO 9

ICOUNT = ICTCUNT + 1

COM1 s ICOUNT
BOM{ 25 ICOUNT
BOM( 34 ICOUNT
IF ( CAStNU
JTAPE = O

EXCASE
XOM(29sKGATL )
XCM{34KGATC)

)y =
Qe EXCASE ) GO TU 208

)
)

JTAPE = JTAPE + 1

IF  ( JTAPE «EQe ITAPL ) GO TU 202

IF  ( JTAPE «GTe 4 ) GO TO 205

NZL = [SIGN(NP{JTAPE) sREELS(JTAPLY)

IF ( NPUJTAPE) «GTe NFY(JTAPL) ) 0O 10 202
NF = REELS(JTAPE) * 1000 + NZL

CALL READBS1 (NFsl)
CASENO = ID(7)

1F { CAStinv
NP{JTAPE)] =
GO TO 203
NPLUSP =
DO 206 1 =
EST(L1) = 1.
CALC(I) =
ACTUAL(T) =
CONT INUE

N =1

GO TO 209
NP(JTAPE) =
NPLUSP = 1D

i
NP J

- cXCA
TAP

>

mwn

L) 204y 207 202
o+ 1

3

IDE11y + 1

L s NPLUSP

Ue
U

NPLJTAPE)Y + 1

19y + ID(1IL)

NTIM = 2 % NPLUSP + 9

N = ID(1u)
CALL RtavLB2
CALL REALBZ2
CALL READBZ2
CALL READBZ2
L = 0

(NFsTIMIsNTIMsHISTRY)
{NFyESTyNPLUSP sHISTRY)
(NF9sCALCsNPLUSPSHISTRY)
{NFsACTUAL s NPLUSPsHISTRY )

Gu TO 5
GO TO 9
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O 61 I1=NsNPLUSP

L =L + 1

FEIGHT = XOM(2,KGATE)Y + { FLOAT(L-1) * XUM(3,KGATE) )
WT(L) = WT(L) + FEIGHT

WTA(L) = WwTA(L) + ( FEIGHT 3% ACTUAL(I) )
WTC(L) = WTC(LY + ( FEIGHT * CALCC(I) )
WTE(L) = WwTE(L) + ( FEIGHT * EST(I}) )
WIM(L) = WTM(L) + FEIGHT

61 CONT INUE
XOM(2sKGATE) = 5.
G0 TC 41

69 NP{NTAPE)=NP{INTAPL)+1

7 NZL= ISIGNIWNP(NTAPL) sREELLSINTAPL) )
IF( NPINTAPL) «GTe NFEFY(NTAPCL) ) Gu 10 79
NF= REELS(NTAPE}*1000 + NZL
CALL READB1(NF,1)

CASENO = 1ID(7)
IF( CASENGC oLT. LXCASE ) OV TU 69
[F( CASENO +tQe EXCASE ) GO TC 8

79 WRITE(6+41001) EXCASE

1001 FORMAT (1H1 99X12HCAST NubMbeR 1891X21HIS NUT un TAPCL,. Jidl 1 e)
GO TO 41

3 NPINTAPE)Y=NP (NTAPL)Y+1
NPLUSP=ID(1UY+IDCL11)
NTIM = 2 % NPLUSP + 9
N=1D(10)
CALL READB2 (NFoTIMEsNTIiMenISTRY)
CALL READDZ2 (NF oECT o NPLUSPsHIOIRY)
CALL READUZ2 INF s CALCaNPLUSPsHILTRY )
CALL READE2 (NFsALTUALyNPLUOGPsRISIRY)
CALL READB2 (NFsBUYsNsHISTRY)
CALL READD2 (NFsMcANSNPLUSPsHISTRY)
NTIM = NTIM - 9
CALL READu2 {(NF ¢ MCONF o NTIMsHISTRY)
CALL READDZ2 (NF e JW2 s NPLUSPYHAISTRY)

L=0
DO 81 I=NsNPLUSP
L=L+1
WTIL)Y = WT(L) + UxN2(])
WTAGLY = wTA(L)Y + ( wuw2(])y * ACTUALC(L) )
WTCILY = WTCHlL)y + ( Unw2(Iy % CALC(I) )
WTE(LY = wTelLy + ( Uw2(l)y * £EST(IYy
WTMOLY = WIM(L) + MEANI(T])

81 CONT I NUE
GO TO 41

g I1F (EXCASE «NEes 9999999 ) GO TO 6

COnvITlune CALCULATIUNDS Anb Pkl wuul Inc

S NANS

DO 60 1 = 19100
IF ( WT(I) «EQe ve } GO TO 261
260 CONT INUE




261

262

264
265

266
267

268

269

270

274

275

NN

351
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ISTOP1 =1 -1
XOM{1sIMAX) = XOM(1sIGEN)
XOM(2s IMAX}) = ITAPE
XOM(3s IMAX) = 9999999,
XOM(1»IGEN) = END
ISTOP2 = IGEN - 1
CALL SORT(XOM,[STOP2s341)
DO 262 1 = 1,15T0P2
MOM(1s1) = XOM(1,s1)
IF ( XOM(3sI) oNEe 9999999« )y XOM(2s1}) = 5,
MOM(2s1) = XOM(2,1)
CONTINUE
DO 264 1 = 1,8
IF ( DOM(1s]1) +EQe O ) GO TO 265
CONT INUE

ISTOP3 =1 - 1

WRITE (65,900U)

LKASE = GENCAS

LKASE = LKASE / 1000000

IF  ( LKASE «NEe U ) GO TO 266

WRITE (6990us) ZLINEL sDATESZLINE29PNMESZLINE3sGENCASsPNUSLLINEG
GO TO 267

WRITL (6990Cu2) ZLINELlsDATESZLINC29PNMESZLINEZ»GENCASSPNUSZLINCS
WRITE (659001)

IF { 1STOP3 oLEe. O ) GO TO 269

DO 268 I = 14157T0P3

NCAZ (1) = NCAX

FOMT (13) = SKIP1(ISTOP3)
FOMT(15) = SKIP2(ISTOP3)
GO TO 270

FOMT (13) = SKIP2(9)

FOMT (14) = SKIP2(9)

FOMT (15) = SKIP2(10Q)

-~

WRITE(699003) (NBLN{I}sI=1s9)s(NBLN(I)9I=10518)s (NBLN{I)sl=198)
WRITE(6sFOMT)

GO TO 275

WRITE (6s9CU3) (HEAD(I)s1=199)9(HEAD(1)s1=10+18)9s(NCAZ(I1)s1=198)
DO 274 I = 1,1STOP3

CONT INUE

WRITE (6sFOMT) (DUM(1s1)s1=1,15TOP3)

WRITE (6,9001)

MONTH = MONTH - 1

START PREVDICTION PRINTING

DO 350 I = 1,IS8TOP1

IF (1 «GTe ISTOP2 ) GO TO 351
CASENO = MOM(1,1)

LOCA = MOM(2,1)

CONTINUE

MONTH = MONTH + 1

IF ( MONTH «LEs 12 ) GO TO 352



352

352
354

358

750

751
350
355
370

371

1¢

220

1

1

1

MONTH
MYEAR
CONT1I
NWT=W
NACT

NCALC
NEST

NWTM

IF
IF
DO 3
IWABS
CONTI
CONT1
IF |
IF ¢
WRITE

GO TC
CONTI
IF
WRITE

GO T0
WRITE

GO T0O
WRITE
CONTI
IF |«
I1STOP
bC 3
CASEN
LocCaA
WRITL
CONTI
GO TO
NPLUS
IGEN
IF «
XOM (1
XOM{(?2
XOM(3
CONTI
NTIM
N=1D{(
CALL
CALL
CALL
CALL
CALL
CALL
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1
MYEAR + 1
NUE
T(I) + o5
= ( 100s % WTA(I) )
= { 1004 * WTZ(I) )
= ( 100, * WTE(I) )
= WIM(I) + &5
ABS( WT(I) — WTA(I) = WTC(I)
ISTOP3 +EQe O ) GO TO 354
53 J = 1,IS8TO0P3
(J) = BOM(2sJ) + |
NUE
NUE
I «GTe ISTOP2 )
[STOP3 +EQe 0 )
(699032)

/ WT(Iy +
/ WT(I)y +
/ WT(IYy +

5
o5
o5

- WTe(I)

FLOAT(I-1)

GO TO 358
GO TO 750

)

¥ BOM(3,J)

23 Dec 1965
New

«GTe »1 ) GU TU 201

CASENOSTYPE(LOCA) s XMUNTH (MONTH ) s MYEAR s

NWT sNWTMsNEST s NCALCHNACT s ( TWABS(J) 9J=191STOP3)

350
NUZ=
ISTOP3 +EQe O )
(659U37)

GO TO 751

(IWABS(J)sJ=1915TCOP3)
350
(6990L32)
NWTsNWTMsNEST s NCALCoNACT
350
(6+59037)
NUE
ISTOP2 +LEs I1STOP1 )
4 = [STOP1 + 1
71 1 = ISTOP44,1STOP2
0O = MOM(1,1)
= MOM(2»1)
(6+9032)
NUE
1
P=1D(10) + ID(11)
= [IGEN + 1
IGEN «GT. 25 )
s IGEN) CASENO
s IGEN) ITAPE
» IGEN) 99999599,
NUE
= 2 % NPLUSP + 9
109
READB2 (NFsTIMESNTIMsHISTRY)
READB2 (NFsESTsNPLUSPIHISTRY)
READB2 (NF s CALCsNPLUSPsHISTRY)
READB2 (NFsACTUAL s NPLUSPSHISTRY)
READB2 (NFsBUYsNsHISTRY)
READB2 (NFsMEANsNPLUSPsHISTRY)

GO TO 1

CASENOSTYPE(LOCA)

GO 7O 220

XMUNTHI(MONTH) sMYCARINWT o NWTMeNEST o NCALC o INALT »

CASENOSTYPE(LOCA) ¢ XMUNTH(MONTH) sMYEAR»

XMUNTH (MONTH) sMYEAR s NWT s NWTMs NEST o NCALC o NACT
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NTIM = NTIM - 9§
CALL READB2 (NF ¢MCONFsNTIMsHISTRY)
CALL READB2 (NFsUW29sNPLUSPsHISTRY)
L=0
DO 101 I1=N,yNPLUSP
L=L+1
WT(LY = WT{L)Y + UW2(TI)
WTA(L) = WTA(L) + ( UW2(I) % ACTUALI(I) )
WTC(L) = WTC(L) + ( UW2(I) # CALC(I) )
WTE(L) = WTE(LY + ( UW2(Iy * EST(I) )
WTM(L) = WIM(L) + MEAN(I)
101 CONT INUE
NP(ITAPE)=NP(ITAPE)+1
GO TO 38
201 WRITE (691uvlU) WTCI)sWTACI) sWTC(I)ywTE(])
10000 FORMAT (1HOs5Xs34HSUMS OF PERCENTS DU NUT tWUAL 100492Xs5HWT = »
1 FOe2 12X 6HWTA = 9FFe292Xsb6HWTC = 9sF94292Xs6HWTE = sF942)
WRITE (6+9104)
GO TO 1

9000 FORMAT
3001 FORMAT
9002 FORMAT

[ NG L <R PV (S

9003 FORMAT

£ W N

9C04 FORMAT

oUW

9013 FORMAT
9C32 FORMAT
9337 FORMAT
9104 FORMAT
END

(1H1131(1H*))

(1Xs131(1H*)Y)

(1Xs34H* PREDICTION ANALYSIS TECHNIQUE * 36A6, 1X91H#*,
20H CASE NUMBER # UATE +6X9sA69A2918H # REWUIRED wUYUFF,
6XslH¥ / 3H * 329 (1H*)s3H ¥ ,6A6416H * (GENERAL) LETA P8}
1H*s16Xs7H LU ¥ / 3H * 34A695X93H * 36A692H #9s3XselT793Xs

13H* 26X 92X 925H * EQUIVALENT S/C QR L/V* /
19H * COMPUTER PROUKAM3XsA3s7Xs3H * 36A692H #*313Xs
17H* s4X912H % DEFICIT 96X 7H Lb * )

(1Xs18H* CASL % MUDL #48Xs1H¥*98X9s10H* MAXIMUM* 313Xy ZlH¥*
QA6 16X 1H¥* / 1X,18H% NUMBERS # FOR %#4,8Xs10H%* PREDIC %
24H LIKELI #* o¢PERCENTee ¥ sGA6 916X 1H¥* / 1Xe9H¥* I[N IH[O
9H % THIS *48Xs 19H# TION *¥  HOOD #913Xs1H¥*93XeB(AGs4X)
94Xy 1H*® )

(1X9s34H* PREDICTION ANALYSIO TECHNIQUE ¥ :6A6, 1Xs1H¥*,
20H CASE NUMBLER # DATE s6XsA69AZs18H ¥ REWUIRED BUYUFF,
6Xs1H® / 3H #* 929 (lH*)e3H ¥ +6A6916H * (UENERAL) K921 X
1H#* s 16X 7H Lb #* / 3H #* s4A695X93H * s6A692H ¥93XslHus b6

3X913H* y6X92X925H * EQUIVALENT S/C UR L/V* /
19H * COMPUTER PRUOURAMIBXsA3s7X9s3H # s6A692H *#913Xy

17H* y4Xs12H * DEFICIT y6Xe7H LB * )
(1H1)
(1X9oIG93X9sA394X0AB91XeI12s2(2Xe1T7)e3Xes3([391X)s1Xe8(1lXs17))
(20X A3 91 XoI1292(2XsI1T7)93Xs3(1391X)s1Xs8(1Xs[7))

(25H *#% SUMMING RUN DELETED. )
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DECISION RELEVANCY PROGRAM - 64S (Criticality)

The Decision Relevancy Program compares current and predicted values for each
launch vehicle, spacecraft, and the corresponding stages and modules with their re-
spective control limits. The resulting ratios are weighted against predetermined rating
scales to determine the criticality index. This index identifies any problems which

may exist and emphasizes the degree of seriousness of each.

INPUT

Raw data is entered on a special-purpose input form titled '"Criticality Program Coding
Form'", a sample of which is attached. This form is designed so as to be very nearly
self-explanatory. The columns which are to be utilized for input are grouped under

a heading or title which indicates the specific type of information to be entered in

those columns.

A separate input sheet is used for each mission. The vehicle for each mission con-
sists of a spacecraft with its component modules and a launch vehicle with its com-
ponent stages. To complete the input form for a typical mission, determine the stages
and modules which comprise the vehicle for that mission. Refer to the listing at the
bottom of the input form and determine the code for each component stage or module
opposite the component name. Enter the code for every stage and module of the ve-
hicle in numerical order in columns 9 and 10 of the input form, being sure that where
two stages are listed opposite one code (for instance, the S-IIStage and $-1I/S-IVB inter-
stage are both listed opposite code 3) that the code is entered twice. Opposite the ap-
propriate code in columns 9 and 10, enter the case number, the months to shipping,
and the current control and predicted weights of every stage and module in the group
of columns headed for these entries. On the line directly below the last stage or mo-
dule, also in numerical order of code, list the code, the case number, the months to
ship, and the current control and predicted values of the launch vehicle capability
(code 13), and the spacecraft weight (code 14).

In the line directly below spacecraft weight, enter code 15 (for L/V-S/C interface) in
columns 9 and 10 and the largest numerical value of ""months to ship' appearing for

any stage or module in columns 24 and 25. Enter code 16 (for total mission) on the
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next line in columns 9 and 10. Finally, on the next line below code 16, enter either the
word RUN or END in columns 1, 2, and 3, depending on whether another mission is

to be considered or the run is to be terminated.

Any coded line may be omitted from the above if it is not to be considered, without
affecting the output of the others; however, the last line on any sheet should have the
RUN or END entry in columns 1-3. Any identification desired may be entered in col-

umns 73 through 80 under the heading identification.
In addition to the above, further instructions are given on the input form itself.

One other card is needed in the input deck., This card will be the first card of the
input data deck (ENTIRE RUN). The first 14 columns of this card are placed in the
title format. The original intent was to include the month and year of the data run

(example 1); however, it may be desirable to modify this for data distinction as shown
in example 2.

Example 1: Example 2:
1-9 11 -14 1-14
MONTH YEAR MONTH YEAR RUN NO, X

Other modifications are possible as long as they stay within the first fourteen columns.
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++ JOB DECK STRUCTURE - The Criticality Program is run as a separate job indepen-

dent of SPACE, The job deck setup for processing the Criticality Program appears
below:

CARD COLUMNS

1 8 16 72
$ID CHARGE NO,, NAME, PAY NO,, UNIT NO,, PROGRAM, MODE
$ PAUSE (MOUNT RELOAD TAPE)

$ OPEN

$IBJOB  CRITIC MAP, DLOGIC

$ RELGAD 106, NAME = CRITIC, SRCH

(INPUT DATA DECK)

$ IBSYS
$ CLOSE
$ IBSYS



Perform
Calculations for
Overall' Mission

Reference No. 64, 2
Issue Date {3 August 1965

Supersedes New

Perform Calcula-
tions for Launch
Vehicle Stages and
Spacecraft Modules

HRU Nl!
or "END"
Card Encountered
?

Write
Page
Heading

Write Output for Launch
Vehicle Stages.

Spacecraft Modules

and Overall
Mission

HRUNH
Card
Encountered
2

Exit
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$IPJOB CRITIC MAPLLOGIC
$IEFTC CRITIC LISTHREF

C
C ##% CRITICALITY OLTERMINATION PROGRAM #*%*
C
C ‘

COMMON  /GGDATE/DATE(2)
C

INTEGER CASNOsCAOSNUSCASNI»CASN2 3 CASN3
C

DIMENSTON:- NXASP(2517)

DIMENSTON  TAoLEE(36)sTABLGI36)yTUBLE(8) s TVBLE(8) s TABLLE(L1T7917)

1 KTUB(4&4) sNAST L4 o0 (4) 9 NAKIGE) » INDLX{16) sNEM(32) s

2 JUNDEX(17)esTWBLE(8) s TXBLE(S)
C
C #%# TABLES
C i

DATA BLANK 706U6060606060/

DATA END /3HEND/

DATA RUN /3HRUN/

UATA  INODLX /1979135199259 31937s43949952961967973979959991/
DATA  JUNDEX /1939597999 1191301551731099219223925927929951933/
DATA KTUB /2H Ce2HMA2HMT y2H G/

DATA  NEM /3HIle s6HUS s 3HS-1s6HVD
BHS=Te6HI/SUM 3 3HL-Ty6RC/SUM
3Ho=196MB/SUM 93HLCO6H
3HCM »6H » 3HSM +6H
3HLEMs 6H-A s AHLEMyBH=-U
3HLEMs6H GRUS993HADASEHPTER
BHL/Veb6H CAPADy 3HS/Cs6H WGT.
IHINTs6HERFACE + 3HTQOT s 6HAL

DATA AST /EH®HHRNER § JHIF K g JIHI*K § JH*/

DATA NBLNK /0606060606060/

UATA TJdolLtz /Ueu0UT0 0920090 e9264530e90U0 096453049800 9s0eT04D

~NOU P W

N e W v e W e e

1 10240/
DATA TVbLE /O0eUUUIUGHU4USINGEDD9CeaTTUsUaBUD90aB9C9UeF0UD9leuU0L/
UATA  TAolLElL /1eUUsUe999Ue989Us961Ue9410a899UenlsUeTsUelDs0eTLy
1 CoalUsUebB89UsbEsUstdsLoL2rvebLILeDTIIUDBILe2030eD0
Z UeDGrUebdsUedsUelltLedurledYrveadtrsued T rvedosUet s
3 U.QQ.O.QB)OO‘*Z,Q.‘*I90.‘9(?’00‘00/

DATA TAolLLu /UeuuUsUelUlsvelldovevbdrsvevbovellosvelosveccsvedorUects
JedUsedlsLsshsueinDrueldBivedursUedlsveddrsvabidsdeidtus

< LebbeUebTyled8eUetdYsUaDUrleadlslendsleddsvenbsQebis
3 LeD690e579Ce0B89CebTsUeblisTedlL/

UATA Twblt /UeUULUIUeT5UCILeTD4D s UeBLUUILeT0HD U e9IUUIVEYIHD Y
1 1000/

DATA TXvlLco /UeU0UC I a950090Ue9545 90 e9BUCILTBED 99U 998990 eYIT Yy
1 1006C/

VUATA  NAM /68 INSTRuUMENIATIuN UNTI S5=1Vo oTAGL
1 s 6CH S=11 STAGL + s-ll/o-1lvys INTLROolAGC
2 sbLHS=IC STabe + 5—1C/5-11 INTeROLTAGL o—Iu oTAaLe + S—lu/o-1vD

3 s6HINTLROTAGE LAUNCH EolAPL oYoluwm (TulaL) CUMMANU U U U



3 %
3% *
¥ 3% %
33 ¥
* 3%

NN ON

10000

24

22
23
25

42

44

46

O o~ T

s6UHLE (GROSS)
o6 UHLEM ASCENT
s 60R
»y60H
s 6UHSPACECRAFT
s 48H

TABLE
TABLE
TABLE
TABLE
TABLE

1S NAMED
15 NAMED
15 NAMED
15 NAMEUD
IS NAMED

mCcCnNno >

BEGIN COMPUTATIO
READ (5,10000) M
FORMAT (A6sAGyAL
IONE = 1

1TWO = 2

CASN1
CASNZ2
CASN3 = 0

DO 23 11=1,17

DO 22 JJ=1,17
TABLE(II,»JJ) = O
CONTINUE
CONTINUE

REAU (5,100l
LOOP = O

(L1}

9
0

AU

IF (AUX
IF (AUX +EQe
CONTI = CONT
TABLE(1sNAME) =

TABLE(2sNAME) =

IF (NAME +Ntbte IN
IF (I AME oNEe 3)
CASN1 = CASNO

GO TO 46
IF (NAME
CASNZ2 =

GO TO 46
IF (NAME
CASN2 =

CONT INUE
TABLE(39NAME)
TABLE (4 eNAML)
TABLE(5sNAML)

«tQes RUN

END

eNEo 4)
CASNO

eNCe H)
CASNU

CURR = TABLE(3sN
CONT = TAbLL (4N
PRED = TABLE(S»N
CONTI = CONT

LOOP = 1}

Reference No.

Issue Date 23 December

13 August 196

Supersedes
SuRVICE MODULE (GROSS)
STAGL LEM DESCENT STAGEL
LEM GROSS ~ ADAPTER
LAUNCH VEHICLE CAPASILITY
WETGHT L/V=5/C INTERFACE
TOTAL MISSION /
TUBLE
TWOLE
TXBLE
TVBLE

TABLEE ANV TAoLED
N

ONTHI sMONTHZ s YEAR
)

oV

XoeNAME y CASNU s MUy CURR»CONT 9 PRED

) GC TO 200
) GO TO 2up

NAME

MO

AME) GO TO 55
GO TO 42

GO TO 44

GO TO 55

TApLL (3 sNAML)
TABLE (&4 e NAML)
TABLE{S5sNAML)
AME)
AME )
AME)

+ CUKRR
+ CunT
+ PRtu
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GO TO 65
55 TABLE(3sNAME) = CURR
TAELE (49NAME) = CONT
TABLE(5sNAME) = PRED
65 INAME = NAML
IF (CURR o+EWes LUeO «ORe CONT oEW, Ue0 oORe PRED «Ele 0eU) GO TU 70
C
IF (NAME NEes 13) GO TO 70
TEMP = CONT
CONT = CURR
CURR = TEMP
TEMP = CONTI
CONT1 = PRED
PRED = TEMP
70 IF (NAME oNte 15} GO TO 75
TABLE(6915) = TAULE(3913) /7 TABLE(3914)
TABLE(7+15) = TAuLE(53513) / TAuLL(5sl4)
GO TO 80
C
75 IF (CURR oble Ue0 oNRe CUNT oEWs 0ol oORe PREU ofus Oe0) GU HTU 111
TABLE(6sNAME) = CONT / CURR
TABLE (7+NAME) = CONTI/ PRED
C
80 J = 6
95 DO 100 I=1,7
IF (NAME LEQe 13) GO TO 96
IF (NAME +EQe 14) GO TO 96
GO TO 97
96 IF (TABLE{(JINAME) oGle TWBLLII) oANUe TAbLL(JeNAME) oLTe TWoLE
1 (I+1)) GO TO 195
GO TO 100
97 IF (NAME NE. 15) GO TO o8
IF (TABLE(JoNAME) oGTe TXBLE(I) oANUe TAsLE(JsNAML) oLTe TXBLc
1 (I+11)) GO TQO 108
GO TO 10¢C
98 1F (TAptctJsinaMe) oGLe Tuotil]l) eAalve TAOLE(JowAriL) oLTe lubLi
1 (I+1)) GO TO 1ub
100 CONTINUE
105 CONT INVE
IMO = (1 +# 1) / 2
NXASP{J-5sNAME) = NBLKNK
IF { MOD(192) eEude U ) NXASP(J=5yNAME) = NAST (&)
TABLE (J+2yNAML}) = MO
IF (J «EQe 7) GO TO 110
J =7
GO TO 95
C
110 CONTINUE
111 IF (1O +EQe 0} MO = 1
TABLE(1OsNAME) = TABLLE (MU)
TABLE(11leNAMcY = TABLEG(MO)
112 ICBLE = TAolLr(lsNAVE) + Ued
IF (ICBLE oNEte 16) GO TO 1490
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TABLE(12sNAME) = TABLE(12sNAME-3) + TABLE(12sNAME=~2) + TABLE . .
1 (12 sNAME-1)
TABLE(13sNAME) = TABLL(13sNAME=3) + TABLL(13,NAME=2) + TADLL
1 (13sNAME-1)
TABLE(14sNAME) = TABLE(1GsnNAME—3) + TApLE(L4sNAML=-2) + TAoLc
1 (149 NAME-1)
TABLE(15sNAME) = TABLE(149NAME) / 1240
GO TO 145
C
140 IF (MO «EQe U) GO TO 160
TABLE{12sNAME) = TABLE{(8»NAvEZ) ¥ TABLE(L1O0sNAML)
TABLE(13sNAME) = TABLL{9sNAME) * TABLL(11sNAML)
TABLE(14»NAME) = TABLE(1Z2sNAME) + TAbLE(13sNAME)
TABLE(15yNAME) = TABLE(14sNAME) / 4eu
145 DO 15C L=1,47
1IF (TADGLE(159NAME) oGte TVULE(L) eARNUe TAoLL{1YsiNAME) oLl
1 TVobLE(L+1)) GO TO 155
150 CONTINUE
155 IMMO =
IMNO = NBLNK
IF  ( MOD(IMMOs»2) oEQe O )} IMNU = NAST(4)
IMMO = IMMO + 1 /2
TABLE(16sNAMEYy = ( L + 1 ) / 2
160 CONTINUE
1F (LOOP 4EQe 1) GO TO 25
TABLE{(17sNAME) = CASNO
GO TO 25
C
200 DO 215 LOZ=1s5
IF (TABLE(179L02) oEQe UelU) GU TO 215
IB = TABLE(175L02) + Ce5
GO JO 217
215 CONTINUE
217 1A = 0
CALL FLIP (1AsIByIONE)
IRC = [A % 100
IA = 0
CALL FLIP (IAsIByITWO)
IRC = IRC + IA
IF (NAME oEtWe 2) "GO TO 45v
C
C ##% ROUTINE FOR FULL GUTPUT
C
WRITE (6sluus) IRCIMONTHL siMuNTHZ s YLAR
WRITE (6910UD)
WRITE (651¢11)
DO 300 K=1,16
ICBLE = TABLE(1sK) + Ce5
IF (ICELE «EQe C) GO TC 290
IABLE = TADBLE(2sK) + Le5
JABLE = TASLE{3sK) + Leb
KABLE = TABLt(4sK) + uvaeb
LABLE = TABLE(5sK) + ve5
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IBBLE = TABLE(8sK) + Ue5
JBBLE = TABLE(94K) + 045
246 NUT = TABLE(16,K)
KBBLE = KTUB(NUT)
NED = JUNDEX(K)
NOM = UNDEX(K+1) -
CASNO = TABLEL17sK) + 045
KIND = 1 BulH CASNU Anp CASnU HAVE 7 viulls
= 2 CASNU HAS 6 v]ulTos CAoNu nA> 7 violio
= 3 CASNO HAS 7 vlvlTSs CALNU HAS 6 viully
= 4 bOTH CASNU AND CASNU RAVE 6 vlulls
KAZNG = CASNO/71C00000
IF (ICBLLE «EQe 3 «ANDe CASNL oenNEe O) GU TU 249
GO TO 250
249 CASNU = CASNI
GO TO 255
250 IF (ICbLE etlWe 4 oANUe CASNC oiNbe U) GU Tu 251
GO TO 252
251 CASNU = CASNZ2
GO TO 255
252 IF (IColLe etuwe 5 eANUeS CASND eNL s (V) Gu Tu 253
GO T0 254
253 CASNU = CASN3
GO TO 255
254 IF (1CBLE obLQe 15 eORs ICOHLE eLe 16) Q0 Tu 256
IF (KAZNO JEG. O) GO TO 1254
WRITE (6451C03) CASNO
GO TO 254
1254 WRITE (6s10L2) CASNO
GO TO 256
255 KIND =1
IF (1 AZNO otGe U) KIND = NINv + 1
KAZNO = CASNU/10U0vIC0
IF (KAZNO otlWe u) SIND = NIKvu + 2
GO TO (125591256491 25791258)2KI1NU
1255 WRITE (691vu3) CASNOSCASNY
GO TO 256
1256 WRITE (6+s1CC1l)y CASNOsCASNY
GO TO 256
1257 WRITE (6£41C07) CASNO»CASNU
GO TO 256
1258 WRITe (691uul) CAOND»CASNU
256 CONTINUE
IF (ICLLE etue 13 eURe ICoOLE elue 14) w0 Tu 265
IF (IColt etWe 15 eiUkke ICoLL etue 16) WU Tu <58
WRITE (6s1uvub) (Now(lb)slo=vEvsium) s JAGLEsYADLE sNAGLLILADLL
1 TALLE(GsR )9l AL (Tan)slolisnXAoP(lsn) svLLL
2 NXASP(2sRK ) (TALDLE(IXsN) o [X=10915) sKbslos [rivw
GO TO 29u
258 1F (ICBLE +EQe 16) GO TO 262
WRITE (691027) (NuM{lu)slB=nEvsnum)slALisFTABLE(6sR)sTALLLITIN)



[ XA

262

265

2617

27¢

290

294
495

298
300

% ¥

450

495

509

210

512

513

—

GO TO 29V
WRITL (6s1U28)

GO To 29¢C

IBBLL = NBLNK

JGGLE NBLNK

DO 270 MAW=1,4

(
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TopLe s NXASP U1 aN) s Jbnli s WnKAGF ( 2ok )y ( TABLECLX 9K )y
IX=10s15) 9 IMMOs IMNO

NeEMUIB) » IB=NEDsNOM) s (TADLE(IXsK)s[X=12915) skBoLEs
[ MNO

IBCOD = TABLE(BsK) + 045

JBCL = TAbLu(9sK) + 045

IF (IBCD oNte MAW) GO TO 207

IGGLL = KTUD(MAW)

IF (JblD eNbe MAW) GO TOU ¢10

JGGLE = KTub (MAW)

CONT INUE

WRITE (6s1c24) (NEMUIB)»IB=ivelolvur) s JABLE 9 JALLLE s RABLL s LALLL s
TABLL (6 9K) s TACLE(ToK) s [GGLL s NXASP (1N} s JUGLT
NXASP(2sK)Ys (TALLCIIX9K) s IX=1Us15)sKonlus MmN

IF (K +EQe 5) GO TO 294

GO TO 295

WRITE (6+1012)

IF (K «tQe 1l¢) GO TO 298

GO T0O 300

WRITE (6s1C13)

CONT INUE

ROUTINE FOR CONDINSJEL QUTPuUI

IF (NAME CEQe 1
WRITE (6s10U4)

WRITE (6,1009)

WRITE (691011

DC 750 MA=1s16
[CBLe
IF (ICulLE «EUe
LUM INDEX {iMA)
LUN LUM + 5

NIE
DO 495 IR=1+4

NCE(IR)Y = NBLNK
NOB(NIG) =
IF (I1CbLE

GO TC 519

CASNU = CASN1
GO T¢ 518
IF (lCutle
GO TO 512
CASNL = CALNZ
GO TG 518"
IF (lICblLc
GO TO 514
CASNU = CASN3

0ot

el lle.

eil\e

el e

)
I

TAbLe (1yMA)
J)

TABLE (169 MA)

3

4

5

GO TO 775
RCoyMUNTHI o mUNTHZ s YLAK

+ Ceb
GU TO 71»

+

ve?

NAST(NIB)

CASN] oNCLe V) Gv Tu 5uy

o AlNL o

eANUe CALINC eNLe V) Gu Tu il

enilNe CALNS olNLe U) Gu Tu Llos



514
518

610

620
625
715

724
725

740
750
775

1000
1001
1002
1003
1U04

1005

1006

1007
1009

1011
1vle2
1013
1015
1024

1025
1026
1027

1028
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GO TO 518

CONT INUE

CASNO = TABLE(17sMA} + Q.5

IF (ICbLE etbwe 3 eORe IColbt eEwe 4 oUK.s ICBLE otuwe %) GU Tu biu
IF (IColLEt eCWe 15 eURe ICpLEL oEGoe 161 GO Tu 620

WRITE (6910U25) (NAMIMG) s MG=UMILUN) »CASNU» (NUB (MH ) 9 iiH=194)

GO TO 625

WRITE (691C15) (NAM(MG) ¢yMG=LUMILUN) yCASNOsCASNU s (NOB(MH} sMH=194)
GO TO 625

WRITE (651C26) (NAM(MG) sMG=LUMILUN) 5 (NOB(MH) sMH=194)
CONTINUE

IF (MA LEQe. 5) GO TO 724

GO TO 725

WRITE (651012)

IF (MA o EQe 12) GO TO 74y
GO TO 750

WRITE (6+1013)

CONT INUE

IF (/UX «EQe RUN) GO TO 24
CALL EXIT

FORMAT (A341743XsI743Xe1243(3XeF7401}

FORMAT (4Xs9H®#CASE NO. s3X91HO»1693Xs[7)

FORMAT (4Xs9H#CASE NO. 923X 1HUS16))

FORMAT (4Xs9HRCASI NO. »2(3Xs17))

FORMAT (1H19s46H *##%x%x CRITICALITY DETCRMINATIUN PRUGKAM #*%%®s

1 10X913s8H MISSIONS20XsA692A4)

FORMAT (1HU12X9s3HMUe 7/ 13X92ATUs5Xs26HREFPURTEU (UR CALCe) Fuunuos
3Xe9HR A T [ UsbXsi0HCUNLe CUVUE#3Xs110TIMe FACTUKS 33X
19HTIME WEIGHTED CUNDe»&X s THUVERALL /
1X s GHCOMPUNENT 9 2X 94mSHIP 93X s THCURRLNT 93X s THCUNTRUL
93X s THPREUICT 32X 9 5HCURK a3 2X s 5SHPRKEU e 92X s SHCURR 4 92X s
SHPRED ¢ 92X 9 5HCURR ¢ 92X 9 SHPRED» 82X s 5HCURR ¢ 9 ¢ X 95HPRE UG 94Xy
3HSUMs2X s SHRATIO 92X 95HCOND . / )

FORMAT (1X9A39A693K91291X93(3Xe]7)92(1XsF6e3)92(2Xs143A1)>
6(2XsF542)92XsA34AL / )

oUW

—

FORMAT (4X,9H*CASE NOa 93X 793Xs1H0s16)

FORMAT (1AUs1UX922HCUNDENSLY RATING TABLE // 14X»9HTOUMPUNLNT

1 24X 11HCASE NUMBERSLIOXs11HR A T I IN G // 68X»8HCRITICALY
2 2¢H  ~—-WEAKNCSS--— GUULY / T8Xs19HMAJUR  m™MINUR  SHAPc /7 )

FORMAT (22H LAUNCH VEHICLE STAGES / 22H ##¥#i¥k HEHXHXH HAXXXX / )
FORMAT ( / 2UH SPACECRAFT MUDULES / 20H ##%EEEXXAF XX XHEX / )
FORMAT § /7 16H OVERALL MISSION / 16H ¥*xx%%% Hxkkixx / )

FORMAT (1Xs6A696X82(1T796X)sA694XsA394K9n395X9Al / )

FORMAT (1XsA35A693Xs1291Xs3(3Xs1T7)92(1XsFbe3)92(4XsA25A1)

1 6(2XsF542)92XsA34A1 / )

FORMAT (1Xy6A696Xs1Ts19XsA694XsA354X0A395X9A1 / )

FORMAT (1X96A6932XsA694X9A394X9A395XsAl / )}

FORMAT (1XsA39A693Xs12931X92(1XsF6e3)92(2Xs14sA1)26(2XsF5e2)92X
1 12+A1 /)

FORMAT (1XsA39A69TB8Xs4(1XsF0a2)92XeA3sA1 / )

END
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OVERALL COST ESTIMATION - 65S

This program calculates the overall cost required to accomplish a given buyoff and

is based on the following assumptions:

ASSUMPTIONS

1.

Only overall costs on the stage and module levels were considered, An
analysis based on the functional-systems level will be performed in the future
as a refinement of this analysis.

A ten percent redesign yield was assumed, i,e., 1000 pounds of inert weight
must be redesigned and refabricated, where required, in order to obtain a
100-pound weight reduction,

R&D dollars vary exponentially with weight reduction, i.e., the first

100 pounds of weight reduction costs less than the next 100 pounds, etc. The
exponential equation used is

D=aWb

where:

D = required R&D dollars

W = weight reduction required
a,b = constants derived for each stage/module from the available
cost data.

Production costs for a change are equal to the dollars spent to date on the
affected portion of the vehicle, The affected portion of the vehicle is the

1000 pounds, for example, which is being redesigned in order to obtain a
100-pound weight reduction,

R&D costs are assigned to the first vehicle for which a required buyoff occurs,
even though the effects will be realized on subsequent vehicles. For example,
if a 100-pound buyoff is required for the S-IC-501 and a 300-pound buyoff is
required for the S-IC-502, the S-IC-501 will be charged with the cost of the
first 100-pound buyoff while the S-IC-502 will be charged with only a 200-pound
buyoff, The costs are determined by first calculating the costof the 100~pound
buyoff using the equation in assumption 3, This cost of the buyoff is charged
to the S-IC-501. Using the same equation, the cost of a 300-pound buyoff is
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calculated, The cost of the 200-pound buyoff assigned to the S-IC-502 is
determined by subtracting the cost of the 100~pound buyoff from the cost of

the 300-pound buyoff, This type of calculation is required since we are as-
suming an exponential cost distribution,

The predicted schedule slip is equal to the absolute buyoff cost divided by the
current spending rate of the given stage/module, The absolute cost is the cost
of a given buyoff, not considering the cumulative effects of previous buyoffs,

In the previous example, the cost of the 300-pound buyoff is the absolute cost
for the S-IC-502, It is this cost that is divided by the spending rate in order
to obtain the desired schedule slip.

COMPUTER PROGRAM

Based on the above assumptions, a computer program was developed to perform the

required calculations. Referring to the computer output sheet columns (see Reference

Number 65, 3), counting from the left, the program requires the following data and

performs the following calculation:

1,
2.
3.

10.

11,

Stage/module,

Total buyoff required, in pounds (obtained from prediction analysis),
Cumulative required weight reduction (column 2 minus the greatest previous
number in column 2, if negative, enter zero).

a (input constant for each stage/module, taken as the production cost

per pound).

b (input constant, i.e., the exponent, for each stage/module, which is the
slope of the Cost versus Weight Reduction line, when it is plotted on log-log
graph paper).

Total required R&D dollars, in millions, (column 2 raised to the column

N

power and then multiplied by column 4, i,e,, D= aWb from assumption 3).
Cumulative R&D dollars, in millions, (column 6 minus the greatest previous
number in column 6, if negative, enter zero),

Number of production months (the number of months that a given stage/module
has been in the production phase. This data is obtained from the SARP charts).
Production dollars/pound-vehicle-month (the production cost of one pound of a
given stage/module for one month),

Percent yield (this is the percent weight reduction obtainable from a given
redesign, assumed to be ten percent for this study),

Production weight requiring redesign, in pounds, (100 divided by column 10
and then multiplied by column 2},



12,

13.
14,
15,
16,
17,
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Required production dollars in millions, (column 8 times column 9 times
column 11),

Total cost (gross), in millions, (column 6 plus column 12).

Total cumulative cost, in millions, (column 7 plus column 12),

Tradeoff factor in dollars/pound (column 13 divided by column 2).
Current spending rate in dollars/month, '

Schedule slip in months (column 13 divided by column 16).
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JOB DECK STRUCTURE - The Cost Program is run as a separate job independent of
SPACE, The job deck setup for processing the Cost Program appears below:

CARD COLUMNS

1 8 16 72
$ 1D CHARGE NO., NAME, PAY NO,, UNIT NO,, PROGRAM, MODE
$ PAUSE (MOUNT RELOAD TAPE)
$ OPEN
$IBJOB  COST MAP, DLOGIC
$ RELOAD 106, NAME = COST, SRCH
(INPUT DATA DECK)
$IBSYS
$ CLOSE

$ IBSYS
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$08-NI
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€09-11I
20s-N1
T0S-N1
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For Each
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Module
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Input Required Buyoff
and Required Data

!

Calculate
R&D Costs

!

Calculate
Production Costs

!

Calculate
Total Costs

R

Calculate
Tradeoff Factors

!

Calculate
Schedule Change

1

Write Output
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$IBFTC 655 LIST,REF
C COMMON DEFINITIONS
C

C DIMENSIONS
DIMENSION IHED1 (12)
DIMENSION INPUT (11)sFINPUT (7),sFOPUTI(8)sINPUS(4)
C EQUATE THE FOLLOWING
EQUIVALENCE (INPUT(S)sFINPUT(1))
C
READ (5+57C3) IHEDI1
5003 FORMAT (12A6)
AKARN = 10C.
AKON = 000001
AKORN = 1000000,
C AT 1C0 READ A CARD
C COLUMNS 1 THRU 24 s BCD
C COLUMNS 25 THRU 66 s FLOATING POINT, FIELD WIDTH 6, DEC. PLACES 2
1C0 READ (5,1001) INPUT
1001 FORMAT (4A692FB8e29sFBe344F8e2)
C DATA STATFMENT
DATA [END, IPAGEs, TINODAT,IMASK,IDEL,INODFL
1 /3HEND s 4HPAGE y 6HNO DAT,,077777700000N3HDEL  6HNO DEL/
C AT 110, CID CARD CONTAIN END
110 IF (INPUT(1)FQ.IEND) GO TO 2001
¢ AT 120, DID CARD CONTAIN PAGE
12C IF (INPUT(1)e.EGQ.1PAGE)Y GO TO 125
C AT 122 IS NAME IN SAME CATEGORY AS PREVIQUS
122 IX = ANDCUINPUT (1) IMASK)
IF (IXeFQeIPREVN)Y GC TO 130
WRITE (641007)
1007 FORMAT (15X)
ILCNT = ILCNT -1
FPREV1 = (.0
FPREVS = (40
AT 1230, DO COLUMNS 19 THRU 25 STATE NO DATA
C IF (INPUT(4)eFQeINODAT) GO TO 300
AT 152, IS (1) GREATER THAN PREVIQUS (1)
50 IF (FINPUT{1)eGT.FPREV1) GO TO 160
AT 182y SFT (2) OR FOPUT(1} = 0O
0 FCPUT (1) = 0,0
C AT 190y CALCULATE (5) = (3)X(1)¥*(4)
190 FOPUT(2) = AKON®*FINPUT(2)#FINPUT(1)*#*FINPUT(3)
GO TO 200
C AT 125% SET PREVIOUS VALUES TO ZERO
125 FPREV1 = 2.C
FPREVS = 040
INPUS(2) =INPUT(2)
INPUS(3) =INPUT(3)
INPUS {4y =INPUT(4)
GO T0O 370
C AT 160 (2) =(1) — PREVIOUSI(1)
160 FOPUT(1)= FINPUT(1)-FPREV1
C AT 170, SET PREVIOUS(1) = THIS (1)
170 FPREV1 = FINPUTII)
GO T0 190
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C FND FLOW CHART, PAGF 1}
C
C AT 270, 18 (5) GRFATFR THAN PREVIOUS (5)
200 IF (FOPUT(2)eGToFPRFVE) GC TQ 220
C AT 210, SET(6) = Tad
21¢ FOPUT(3) =Ca0

GO TO 236

T AT 220, (6) = (5)-PREVIOUS(3)

220 FOPUT(2)= FOPUT(2) -FPREVE

C AT 23N 4SFT PREVIONS(H)= THYTE INE(R)

22an FPRFVYE = FNAPLIT(2)

C AT 2236 CALCULATE (171 0011)s012)s(13),5(15)

236 FOPUT(4) = AKARN#FINPUT(1)/FINPUT(&)
FCPUT (%) AKON¥FINPUT (4 )y #F INPUT (S5)%#FOPUT (4)
FOPUT(6) FOPUT(2)+FOPLT ()
FOPUT(T) FOPUT(3) ¢ FOPUT(5)
FOPUT(8) = FOPUTI(6H)/FINPUT(7)

C END MAIN CALCULATION 3LNCK

C AT 242, 1S (17) LFSS THAN N0

242 IF (FOPUT(8) 4L TaNeNy 70 TO 260

COAT 250, 1S (18) FQUAL TO 7,0

280 TF (FOPHIT({A)TReNeN) O TH 2560
C AT 270, &FT FMCNT = 1
29N EMANT =1,Nn

.
AT 278, 15 (15) GRFATER THAM FMONT
278 IF(FOPUTIR) AT HFMONTY G0 TG 284

C AT 290, SET(15)=iMON
200 FOPUT(R) = rONT
295 FTRADE = AKORN*¥-0OPOT(6) /F THNPUT (1)

GO TO 21.
C AT 284, INCREASE FMCNT
284  FMCNT = FYONT + 1,7
TN 278
COAT P60,CFT (18) = 740
260 FOPUT(R) = Nor
GO TO 208

c
C END FLOW CHART, PAGF 2
C
C

BEGIN FLOW CHART, PAGE 3

C AT 300 PRINT LINEs ALL PARAMETERS BLANK

30C WRITE (6+,1C02) INPUT(1)sINPUT(2)

1002 FORMAT (1Xs2A6)
GO TO 320

C AT 310 PRINT LINE WITH ALL PARAMETERS

310 WRITE (69170C3) INPUT(1) o INPUT(2)4FINPUT(1)sFOPUTI1) sFINPUT(2)
IFINPUT(3) s FOPUT(2) sFOPUT(3)9sFINPUTI(4)oFINPUTI5)sFINPUT(6)+sFOPUT(4)
2,FOPUT(5) 4FOPUT(6) sFOPUT (7))
3FTRADE FINPUT(7),,FOPUT(8)

1003 FORMAT (1Xs1A651A2, F7e04F 740 ’ F6e0s F6e3s1XsF8aels
11X 9FB8elslXsF6e0slXoFT7e091XsF54002XoFTeolXsFTalslXsFT7alsFGely
2 FOealslXsFT7elslXsFbe0)

C AT 320s REDUCE LINE COUNT

320 ILCNT = ILCNT -1
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* C_AT 330 TEST LINE COUNT -
330 T 1IF TILCNT.LT.0) GO 70 370
GO TC 380 o
370 WRITE (655007) IHEDL )
5007 FORMAT (1H1,30X,1286% o
WRITE (651004) INPUS(2)sINPUS{3),INPUS(4)
1005 FORMAT ( 1Xs 130HSTAGE/ TOTAL  CUM. A B TOTAL CUM
T TNO. OF PROD %/ PoCe PROD WT, REQD. TOTAL TOTAL TRADE
2 CURRENT SCHe /
3 1X, 130HMODULE- REQGD REQD., REGDs $ R+D &
4 PROD LB-VEHe YIELD REQD,. PRODe $ COST CUM. OFF
5 SPENDING SLIP 7/ o
6 1X 131H BeOs WT e MILLIONS MILLI
TTTTONS MONTHS T MO, T REDESTGN MILLIONS MILL, CosT {($/LB)
8 RATE (MO4)/10Xs11H(LBS) REDs 54X sB5H{LBS) +20Xs B8HMILLIONS,
91NX s OHMILL o /MO4/18Xs5HILBSY/Y
373 WRITE (651705)
1004 FORMAT ( 47X,y 30HREQUIRED BUYOFF COST SUMMARY »3A6/7)
377 ILCNT = 50
C AT 380, MOvVE NAME TO PREVIOUS CELL o
380 IPREVN = ANDUINPUT(1)sIMASK)
"GO TO 160 ) '
C AT 2001, RESTORE PAGE AND EXIT
2001 WRITE (651°06)
1006 FORMAT(1HY)

CALL EXIT
5TopP
END

CARD COUNT 138
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UPDATE PROGRAM - 668

This program reads a set of data cards and performs an update on the Weight Data
File (WDF). The update may consist of:

a. Additions of entire new cases to the Weight Data File.

b. Addition of new data points.

c¢. Corrections to previously submitted erroneous points.
Input cards for each of the three types are described as follows:

NEW CASE ADDITIONS
The addition of entire new cases consists of the following set of cards:

Card 1
Word 1 - The word RESTO punched in columns 1-5
Word 2 -~ Month in which the system is to be shipped (integer)
Word 3 - Year in which the system is to be shipped (integer)
Word 4 - Month in which first data point was observed (integer)
Word 5 - Year in which first data point was observed (integer)
Word 6 - Parameter r, (floating point)
Word 7 - Parameter r, (floating point)
Word 8 - Actual percentage of weight at shipping date (floating point)
Word 9 - Calculated percentage of weight at shipping date (floating point)
Word 10 - Estimated percentage of weight at shipping date (floating point)
Word 11 - The word ITERAT
Word 12 - Minimum weight value to be plotted (floating point)
Word 13 - Maximum weight value to be plotted (floating point)
Word 14 - *

NOTE - Words 2-14 must be punched in columns 7-72 inclusive with at least one blank

space betweenwords. Words 12-13 are optional and may be omitted from the card.

Card 2
Columns 1-7 Case number
Columns 19-72 Case title
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Cards 3 through n-1
Word 1 ~ Time, ti’ in months (integer), measured relative to words 4 and 5
on Card 1 above
Word 2 -~ Observed weight Wi in pounds (floating point)
Word 3 - Estimated fraction of observed weight (0 < e = 1)
Word 4 - Calculated fraction of observed weight (0 = ¢, =1)
Word 5 - Actual fraction of observed weight (0 = a; = 1)
Word 6 - Nonrandom change for this month
Word 7 - *

NOTE - Words 2-7 must appear in columns 7-72 inclusive with at least one blank
space between words.

Card n

The word END must appear in columns 7-9 and an * in column 12.

NEW POINT ADDITIONS

A new data point is defined as a series of values which update a given functional system
from the previous month to the present month, These values appear on a data card with
the following format:

Word 1 - Case number of the system to be updated

Word 2 - Observed weight (floating point)

Word 3 - Estimated percentage of observed weight (floating point)
Word 4 - Calculated percentage of observed weight (floating point)
Word 5 - Actual percentage of observed weight (floating point)
Word 6 - Nonrandom change

Word 7 - *-

NOTE - As above, words 1~7 must appear in columns 7-72 inclusive with at least one
blank space between words.

ERRONEOQOUS POINT CORRECTIONS

To correct previously submitted erroneous data points, the following corrections are
permitted:
a. Corrections to the shipping date
Word 1 - Sin column 1
Word 2 - Case number of the functional system which is to be changed

Word 3 - New month in which system is to be shipped (integer)
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Word 4 - New year in which system is to be shipped (integer)
Word 5 - *

NOTE - Words 2-5 must appear in columns 7-72 inclusive with at least one blank

space between words, ;

b. Corrections to the plotting scale factors
Word 1 - P in column 1
Word 2 - Case number of system which is to be corrected
Word 3 - New minimum scale factor
Word 4 - New maximum scale factor
Word 5 - *
NOTE -~ Words 2-4 must appear in columns 7-72 inclusive with at least one blank

space between words,

¢, Corrections to the ECA percentages at shipping date
Word 1 - ECA in columns 1-3
Word 2 - Actual percentage of weight at shipping date (floating point)
Word 3 - Calculated percentage of weight at shipping date (floating point)
Word 4 - Estimated percentage of weight at shipping date (floating point)
Word 5 - The word ITERAT
Word 6 - *

NOTE - Words 2-6 must appear in columns 7-72 inclusive with at least one blank

space between words.

d. Corrections to the nonrandom change of some past data point
Word 1 - Case number of functional system which is to be changed
Word 2 - Corrected nonrandom change
Word 3 - Month in which the change applies
Word 4 - Year in which the change applies
Word 5 - *

NOTE - Words 1-5 must appear in columns 7-72 inclusive with at least one blank

space between words.

e. Correction of a past observed data point
Word 1 - Case number of the functional system which is to be changed
Word 2 - Weight
Word 3 - Estimated percentage of weight
Word 4 - Calculated percentage of weight
Word 5 - Actual percentage of weight

Word 6 - Nonrandom change




Reference No. 66.3
Issue Date 13 August 1965
Supersedes New

Word 7 - Month to which the correction applies
Word 8 - Year to which the correction applies
Word 9 - *

NOTE - Words 1-9 must appear in columns 7-72 inclusive with at least one blank
space between words,

f. Corrections to the entire set of control parameters (A card change)
Word 1 - Month in which the system is to be shipped (integer)
Word 2 - Year in which the system is to be shipped (integer)
Word 3 - Month in which the first data point was observed (integer)
Word 4 - Year in which the first data point was observed (integer)
Word 5 - Parameter r, (floating point)
Word 6 - Parameter r, (floating point)
Word 7 - Actual percentage of weight at shipping date (floating point)
Word 8 - Calculated percentage of weight at shipping date (floating point)
Word 9 - Estimated percentage of weight at shipping date (floating point)
Word 10 - The word ITERAT
Word 11 - Minimum weight value to be plotted (floating point)
Word 12 - Maximum weight value to be plotted (floating point)
Word 13 - *

NOTE - Words 1-13 must be punched in columns 7-72 inclusive with at least one blank

space between words. Words 11 and 12 are optional and may be omitted.

METHOD OF UPDATING INPUT

So that the Weight Data File can be updated, it is necessary to mount the WDF on U04,
The output file must be mounted on U03, The order of the input deck must be set up in
one of two ways.

No New Cases

If no new cases are to be added the cards should be prepared as follows:

Card 1
Word 1 - The current month which is being added to the WDF (JAN, FEB,
MAR, .....)
Word 2 - The current year (integer)
Word 3 - The word PRINT
Word 4 - *
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Cards 2 through (K-1)
All additions or corrections as described in the preceding paragraphs. These

cards may appear in any order.

Card K
Word 1 ~ The word END
Word 2 - The word OF
Word 3 - The word UPDATE
Word 4 - *

NOTE - Words 1-4 on both cards 1 and card K must be punched in columns 7-72 inclu-

sive with at least one blank space between words.

New Cases

If there are one or more new cases to be added, the new cases must appear as the
first data cards in the update deck. They must be manually sorted by case number and
appear in ascending order. Following the END card of the last case to be added, must

appear the following card:

Word 1 - END
Word 2 - OF
Word 3 - ADDS
Word 4 - *

NOTE - Words 1-4 must appear in columns 7-72 inclusive with at least one blank

space between words.
Thereafter the input deck follows the format given under No New Cases.

METHOD OF UPDATING OUTPUT

Output consists of the updated Weight Data File together with a computer printout of
this file. The format of the Weight Data File is presented on the following page. A
copy of the computer printout is presented following the file format.
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o JOB DECK STRUCTURE - The Update Program is run as a separate job independent of
SPACE, The job deck setup for processing the system Update Program appears below:

CARD COLUMNS

1 8 16 72
$ID CHARGE NO,, NAME, PAY NO,, UNIT NO,, PROGRAM, MODE

$ PAUSE (MOUNT RELOAD TAPE)

$ OPEN

$IBJOB SYSUPD MAP, DLOGIC

$ RELOAD 106, NAME = SYSUPD, SRCH

(INPUT DATA DECK)

$ IBSYS
$ CLOSE
$ IBSYS

EXAMPLE OF INPUT DATA DECK

CARD COLUMNS

1 7 —72
RESTO 9 1967 6 1965 2, 5. 1. 0, 0, ITERAT *
5650103 TEST CASE

12673, .52 .44 .04 O, *
13411, .48 .40 .12 O *
13505, .48 .40 .12 10, *
END *
END OF ADDS *
AUG 1965 PRINT *
S 0662501 8 1967 *
0652703 54000, .53 .43 .04 6 1965 *
END OF UPDATE *




RECORD 1

RECORDS 2-N+1ﬁ

STATUS
DATE 1
DATE 2

CASENO
NA

WHOA

N

CASENO

CASENO

CASENO

TILT

EOF

Reference No.

66.5

Issue Date 13 August 1965

Supersedes

New

STATUS a number associated with each

weight data file (integer)
DATE 1 = MM/DD/
DATE 2 = YY

CASENO = case number (integer)

NA = number of entries in array AA
N = number of observations
WHOA = RESTO

AA = control parameters

TITLE = case title

TIME = time points

WEIGHT = observed weights

EST = éstimated percentages

CALC = calculated percentages

ACTUAL = actual percentages

B = nonrandom changes
TILT = dummy word which signals the end
of the WOF

NOTE - Record N+1 is a dummy record
the first word of which is the
word TILT.

®



RESTO

661521

8 1967

DATE

JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocY
NOV
DEC
JAN
“EB
MAR
APR
MAY
JUN

64
64
64
64
64
64
64
84
64
64
64
64
65
65
¢S
(1
5
63

WEIGH

288
300
299
319
318
315
324
327
364
373
246
243
2%8
293
294
29%
300
296

1 1964

2,000
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FILE STATUS NO 45 DATE 07/14/6%

5.000 1,800 0,000 0.000 ITERAT

C/W GROSY CONTROLS + DISPLAYS SYSTEM WEIGNHY

T ESY

92
32
20
21
a1
21
40
40
40
40
70
70
70
100
100
100
100
100

CAL

ACT SUYOFF

[- - R-N-F-J- N~ N~ X~ ]

-0
N -
wo

[
“
oo

'
QO O
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Card

New
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Be Added
?

Add New Cases
to WDF

the File to
Be Updated

—p Update the
WDF

More
Updating to
Be Done
?

Y

Printout of the
WDF
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TBETC MAIN LISTSREF

REAL INPUT
INTEGER CASENOSTILTSCASE

INTEGER STATNOsWDCTsOLDSTsSTATUSYEAR

COMMON /GGDATE/DATE(2)

DIMENSION DATE2(2)4YAT(12)sB(1C0) sX(15)
DIMENSION AA(2C) +BB(9) LC(e)s CINP(LIGC00)

DIMENS ION TIMF(lOO)sWEIGHT(lOO)»EbI(100)’CALC(1LO);ACTLAL(lOO)
DIMENSION U(3)5A0UT(3),CH(2)

DIMENSION NINP(1nNONM)

__DIMENSICN AAA(20) 2BBB(9)sCCC(6)sTT(100) s WW(1N0)sEE(INN) 2CA(10D]) s
T1ACIINR) 4RY (107

DIMENSION DHOT(3)

DIMENSION BLK(12)
__EQUIVALENCE  (DMOT(2)sKMOT})
EQUIVALENCE (LLTIM,CCC(1))
v EQUIVALENCE (AA(3) +MONTH)«(AA(4),YEAR)
EQUIVALENCE (KTIMESCC(1)) o (CINPyNINP)
DATA ENDLOF« INPUT «UPDATF/3HEND ¢ 2HQOF o SHIINPUT « GHUPDATE /£ 4F ILE/4HFTLE/

DATA TILT/4HTILT/
"DATA  S4ECAP/IHSs3HECASIHP Y e ,
DATA CH /6H CHANGs1HE/+sACARD/BHA fARD/,CfARn/eHc CARD/
L DATA U . _/6HMONTHL 4 6HY UPDAG2HTE/+BOFF /6HBUYQFF /

DATA BLK/4HJAN S4HFEB S4HMAR S4HAPR S4HMAY 44HJUN 4 4HJUL »4HAUG 9‘

1 4HSEP +4HOCT +4HNOQV J4HDFC 7

DATA ADDS/449ADRS/
LDATA PRINT/ZSHPRINTZ o
DATA AST/1H¥%/

S C ——
C
C MQUNT WEIGHT DATA FILE ON UNTTOL
C
READ (1) OLDQTs AT:Z
CSTATNG = 0LDST 4+ 1
WRITE(2) STATNOSDATE
_ _WRITEF(3)y STATNOLDATFE
KSWIT=0
.._ ..NN=0O. ) e __ _
L=2
o .CALL READH(AAASNAASWHOQAAY S
[F( NAA «NCe 3 ) GU TO 7990
ODMOT (1 )1y=AAA(T)
DMOT (2)=AAA(2)
L= S _
GO TO 8258
792 __NN=Q

CALL READH(AAA,NAA,WHOAA) )
TF (AAA(1) dEQSEND oANDs AAA(2) (EQ.OF oANUa AAA(3)aEQ.ADLS)GO TU 8O

7990 READ(54+798) CASE,BBE
798 FORMAT(17,11XCA61

8U0 CALL READH(CCCsNCCsWHOC)
[F{ NCC otEQe 1 ¢ANDe CCC(1) oEQe END ) GO TO 801 _
~ NN=NN+1
TT(NN)=LLTIM
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_ WWINNY=CCC(21) _
EE(NN)Y=CCC(3)
CA(NNY=CCC (&)
AC(INNYy=CCC(5)

I D IE(L NCC LEQe_ 5 ) CCC(B6)=04
BY(NN)=CCC{(6)

GO TQ 8QC
8C1 IF{ KSWIT «EQe 1 ) GO TO 8021
_BU2 _READ(1) CASENOINASNIWHOAS(AA(T)eI=1sNA) BB« (TIME(T)aT=1eN)o(WEIGH
IT(I) s I=1sN)s (ESTLUI)9I=1sN)s (CALC(I)oI=1sN)»(ACTUAL(I)sI=1aN)s(B(I)
e e . 24,L;1;N),,,,,,,..77_. - o
8C21 IF({ CASENO +EQe TILT GO TO 8031
8013 1F({ CASFE «GT e CASENQ)Y GO TO 804
8031 WRITE(2) CASEsNAASNNsWHOAAS (AAA(T) s T=1sNAA)YsBBBo(TT(I)sI=TsNN),
I T o AWWC(I)eT=1oNNY e (FE{T)eT=1aNN)e(CA(I)sI=1eNN)o (AC(I)aI=1s_

2 MNY 9 (BY(T1)sT=1sNN)

e __KSWIT=2 .
IF( CASE EG. CASENO ) KSWIT=0
GO TQ 799
8u4 WRITE(2) CASENOSNASNsWHOA S (AA(T)sI=1sNA) 5By (TIME(I)sI=14N)s{WwEIGH
LIT(I)aI=1aN) s (ESTLI)eI=1aN)o (CALC(I)al=1 N} (ACTUAL(I)sI=1sN)s(B(I)
291:1 ’N)

. __.GQ .TO 802 R . e

85 IF( KSWIT «FQe C ) GO TO 8n52
8051 WRITE(2) CASENOSNANGWHOAG(AALT) 4T1=1,NA) Bria (TIMF(1)4T=1,N)s(WFIGH
ITCTY o I=1aN) o (ESTUT) g I=19N) o (CALT(TI) 9 I=1sN)s (ACTUAL(I)yI=1sN)s(B(I)

-_— - 231=1N) : e
IF( CASENO +EQe TILT)Y GO TO 805

8C52  READ(1) CASCNOsNAaNswHOA (AA(T)el=1sNAY BB (TIME(TI)al=1aN)a(WEIGH

IT(I) e I=1aN) s (EST(L)sI=1aN) s (CALC(T) s I=1sN)s (ACTUAL(T)sI=1sN)Ys(B(I)

Zal=1aN)

GO TO 8051

END FILE 2

REWIND 1

__REWIND 2

REWIND 2

8¢

Y Y

_ CALL READR(OMOT)
READ(2) STATNO,LDATE
e . WRITE(3) STATNO,DATE
825 LINES=C
WRITE(6,796) STATNOSDMOT (1) 9sKMOTSDATE
796 FORMAT(1H1,43X31HW E I G H T DATA F 1L E//

Y o 42X36HRECORD OF UPDATING - FILE STATUS NO 12//
2 45X21HLAST MONTH ON FILE - A3,1X14/7/
3 S3X6HDATE  2A6/// oo R
4 41X37HCASE UPDATED UPDATED PREVICUS/
5 41X35HNUMBER STATUS WEIGHT WETGHT/ /)
1=0
.21 CALL READH( X WDCTWHOY) e
IF(X{1) 4FEQetENDeAND ¢ X (2) eEQeLF eAND X (3)eEQ+UPDATE) GO TQ 3
U (- £ 2 S - _
J=15%(1~-1)

CINP(J+1)=X(1)}




CINP(J+143)=WHQ

Reference No, 66,10

Issue Date _13 August 1965
Supersedes New

NINP(J+15)=WDCT-1

K=.2+1

DO 2 IV=2,WDCT

K=K+1

2 CINP(K)Y=X(TV)
GO TQ 1

C

3 IF{ 1 .FQa ©

)

GO 10 93

CALL SORT(CINPsI,15,1)

IMAX=1

C.
COMMENCE UPDATING

C
11=¢

30  READ(L) CASENOsNAsNsWHOA s {(AA(T)sT=1sNA) BBy (TIME(T)91=1sN)s (WEIGH
o 1TA1)el=TaN)s(EST(I)al=1sN)alCALCLI) al=1sN)s(ACTUAL(I)sI=1sN)s (B(L). .

23 1=14N)
1fF(

CASENQ oFQe TIIT )

GO TO 159

STATUS=0LDST

e IFC I WNE. U ) 0 GO TO 311

31 I1=1T1+1

I A -5 O 0 £ 15

311 IF( Il «GTs IMAX ) GO TO 6 T
310 IF( CASENO +EQe NINP(J+1) )\ GO 1O 8
IF( CASENO eLTe NINP(J+1) ) GU TO 6

-l WRITE(H,797) NINP(J+YY

797 FORMAT(62H CASENO ON UPDATE CARD IS MISPUNCHED. OFFENDING FIFLDS R
o 1EADaeal7) . . .

GC TO 31
\

IT(I) o I=1oN) s (EST(I)sI=19N) s (CALCIT)sI=1sN} s (ACTUAL(T})»I=1sN)s(B(I)

L 241=1eN)Y ..
LINES=LINSS+1

i TFC LINES oLEe 48 ) GO TQ 795

LINES=0
WRITE(64+796)

STATNO,DMOT (1) 4KMOT ,DATE

795 NT1=TIME(NG

KT1=MONTH+NT1=-1 =
(KT1-1)/12

— YFAR=YFAR4|TY
KT1-12%LT1

[ ] EQ.

LT1=

NP=
1F( BLK(NP)

DMOT (1) AND, YEAR oEQe KMOT } GQ TQ 95

WRITE(6,794)

CASENOWWEIGHT (N)

794 FORMAT(41XI7+4X2HNQ,15XF8.0)

GO T0O 30
95 WRITE(6,7941)

CASENOIWEIGHT (N)»WEIGHT (N—1)

7941 FORMAT(41XI794X3HYESs4XFB840s2XFB840)

GQ _TO 3¢

8 WDCT=

NINP(J+15)

o IFt WDCT oEQe 2 oANDe CINP(J+14) «EQe S ) GO TO B8O -
IF( WDCT +EQe 2 oANDe CINP(J+14) EQs P ) GO TO 881
- IF( WDCT oFQe 4 oANDe CINP(J+14) .EQe ECA) GO TQ 882 —
IFC WDCT oEQe 3 ) GO T0 13
_IF( WDCT 4EQe 5 ) GO T0Q 9
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IEL WDCT JEFQa 7 % GO I0. 10
1F( WDCTeEQe6 sORe WDCTWEQe10 +ORe WDCT4EQel2 ) GO TO 79
WRITE(6£2790) NINP(J+1)
790 FORMAT (28H HEADER CARD ERROR, CASENO = 17)
GO _TQ 31

9 N=N+1
TIME(N)=TIME(N=1)+1a
89 K=N
STATUS=STATNO
90 WEIGHT(K)=CINP(J+2)
FST(K)=CINP(J+3)
CALC(K)Y=CINP(J+4)
ACTUAL (K)y=CINP(J+5)
B(K)=CINP(J+6)
. GO T0O 31
10 KMONTH=NINP(J+7)
KYFAR=NINP( J+8)
POINT = 12%( KYEAR - YEAR ) + KMONTH - MONTH + 1
DO 11 12=14N
IF{ POINT o EQe TIME(12)) GO TO 12
11 _CONTINUE } —
IF( POINT &LTe TIME(N)Y 3 GO 7O 111
N=N+1
TIME(N)=PCINT
. GQ_T0 89 . e
111 WRITE(6,789) NINP(J+1)
789 FORMAT(41H TIME MISPUNCHED ON HEADER CARDes CASENOC =17) = _
GO TO 31

C

12 K=12
GO TO 9Q __
13 KMONTH= NINP(J+3)
KYEAR= _NINP(J+4) I
POINT= 12*%(KYEAR-YEAR) +KMONTH -MONTH + 1
DO 130 _I13=1,N
IF( POINT o EQe TIME(I3)) GO T0 131
130 CONTINUE - . R
GO 170 111
_ 131 Br13)y=CINP(J+2} . _
GO TO 31

c
C A CARD CHANGES
C —_—
79 KMONTH=NINP(J+4)
KYEAR=NINP (J+5} ; e
POINT= 12*®(KYEAR-YEAR) + KMUNTH - MONTH

IF( POINT «EQe Oo ) GO 10 81
NPOINT=POINT +1.
IP=0

80 IP=1IP+1
TIME(IP)=TIME(NPOINT)-POINT
WEIGHT(IP)=WEIGHT(NPOINT)
EST(IP)=EST(NPOINT)
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CALC(IPY=CALC(NPQINT)

ACTUAL(IP)Y=ACTUAL(NPOINT)
B{IP1=R{NPOINT)

NPOINT=NPOINT + 1
LE( NPOINT oLEs N GO _T0 80

N=1P
81 NA=WDCT

LL=J+1
DO 82 13=1,sNA

LL1=LL+I3
82 AA{13)=CINP(LL1) -

GO TO 21
88C. AA(LY=CINP(J+2)

AA(2)=CINP(J+3)
G0 TO 31

881 AA(NAY=CTINP(J+3)
e AA(NA=1Y=CINP(J+2)

GO TO 31
882 AA(Zy=  CINP(J+21
AA{8)= CINP(J+3)
_ AA(9)Y= _CINP( 44 -
AA(10Yy=  CINP(JI+5)
R G0 10 31 _

(
155 WRITF(3) CASENO«NA.N = =
lT(I)yl—loN)a(EST(I),I—loN)9(CALC(I)oI—lvN),(ACTUAL(I)oI‘lyN)o(B(I)
20121, NY o
END FILE 3
_ REWIND 1
REWIND 2
REWIND 3

LINES=0
_WRITE(6+788) STATNQsDATE

788 FORMAT(1H1428X61HC HR O NULOGICAL RECORD OF C

S 1 HANGVF S//
242X15HFILE STATUS NO 12,4X6HDATE  2A6/7//
35X42HCASE NUMBER DESCRIPTION QF CHANGE//Z)

DO 83 12=1,4IMAX
— J=15%(12-1} . . e
WDCT=NINP(J+15)

_IFEL WDCT JEGe 2 oAND. CINP(J+]14) LFQe. S ) GO IO 86 . .
IF{ WDCT +EQe 2 oANDe CINP(J+14) +EQe P )y GO TO 86
IF( WDCT oFQae & oAND. CINP(J+14) 2FQa ECAY GO TQ 86
IF(WDCT «EJe 3 1} GO TQ 85
IE(WDCT «EQe 5 ) GO TO 84 e
IF(WDCT «EQe 7 ) GO TO 87
— IFC WDCT oEQe 6 2ORe WDCTLEWL10 +ORe WDCTLEQel2 ) GO TO 86 ..

WRITE(65787) NINP(J+1)
787 FORMAT (5X1742X17THHEADER CARD ERROR/ /Y

GO TO 83
84 AQUT({1)=U(1)

AOUT (2y=U(2)
AQUT (3)=U(3)

GO TO 88
85 AOUT(1)=BOFF
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850 AQUT(2)1=CH{]1) .

AQUT (3)=CH(2)
o200 7088 [
86 AQUT (1)=ACARD
... GO T0 B850 —
87 AOUT(1)=CCARD
GO _T0 850

88 WRITE(&,786) NINP(J+1),A0UT
186  FORMAT(HXI17,414X2A6)
LINES=LINES+]
. ... IF{ LINES eLEe 5v 2 . GC JQ 83 . .
LINES=C
WRITF(6.788) STATNQ4DATE

83 TONTINUE
READ(3) STATNOSDATE . __ B
92 READ(3) CASENOsNASNsWHOAS (AA(T)sI1=14NA)sBBs(TIME(I)yI=1sN)s(WEIGH
ITCIY eIl=1aN) e (ST (I)al=1aNYalCALC(I)sI=1aN)s{ACTUAL(I)sI=1aN})(B(I)
291=14N)
IE( _CASFNQ oFQa TILT 3 QC TO 93

IF( NA JFQ. 12 ) GO TO 94
WRITZ(64785)  STAINQsDATE ¢ WHOAS(AA(T)I=1eNAY . .
785 FORNAT(IH1s&41X15HFILE STATUSE NO 12+4X6HDATE  2A6//7/71XA6+2X1242X 14,
o L2X1202XT14 95 0 1XFT7a3) 22XA6L/)
GO TO 96
Q4 WRITE (6704 STATNC oI ATE ot HOA S (AA(TYaT=1aNA)

784  FORMAT(1+1441X15HFILE STATUS NU 1254X6HCATE  2A6//7/71XA62X12+2X 14,
12X1202X14 s 50 1XFT7a3) a2XAEs2XF Bl s2XFEaL/ /)
— WRITE(64783) JASENOC,BR
783 FORMAT(1IXITs11XQAG//)
WRITF (64270
20  FOREAT(L /6X36HDATE HETGHT Lol CAL ACT  BUYOFF//)
NEFAR=YFAR-1 1N
NP=MONTIHI-1
DO 91 J=1,N
IF( J 2EQs 1 ) GO TO 7239
IF((TIME(Y)Y =TIME(J=1)) eie le ) GO TO 7239
K3= TImb(Jy =TIME(J=1) ~ 5
DO 724C 14=1,4K3
. __NP=NP+1 S .
IF (NP oLTs 12 ) GO TO 724n
. .NP=1
NEAR=NEAR+1
7240 WRITE(6.7241) BLKINP) 4 NEAR

7241 FORMAT(B5XA4,12)
7239 NP=NP+1
IF( NP +LbLe 12 )

. NP=1
NEAR=NEAR+1
7238 Nw=wWEJGHT(J)+ed

G0 To 7238

NEST= (EST(J)+4005 1#100.
. NCALC= (CALC(J)+e0Q5 Y¥102e
NACT= (ACTUAL(J)+e0C5 Y¥1C00.
NR=B{.J) B e S
WRITE(6+782) BLKINP)sNEARsNWsNEST 3y NCALCHNACT oNB
782 FORMAT (5XA4 41241 X1742X]1242X13+2X[341X]15)
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Ql _ CONTINUE
GO TO @92
93 REWIND 3
STOP

END
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SUBROUTINE GETDAT - 67S

This subroutine is available to each of the four trending programs and the History Plot
Program. Its function is to move data from one storage location to another prior to
the actual operations which are performed on the data, The subroutine is also respon-
sible for calling the Normalization Routine 68S.

Control over this routine is maintained by the calling program,




Enter

Y

Move Data
to Working
Storage

Y

Call
Normalization
Routine

'

Return
to Calling
Program
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$IBFTC GETDAT

1L01

1003

1005

1
2

£ W N

LISTsREF

SUBROUTINE GETDAT(IPSWT»1192NCAS)

COMM(N /BLOCK/ NCASE

(10)

’

TTITLE(SU)

14

v w e »

TBLOCK(30uU)y WBLOCK(3U0),
ColOCK (300)s ARLOCKI(3U0)
COMMON /PPUG/ ACTUALI(100) » CALC (100)
LSQR  (100) » MEAN (100)
MSQR (100) » PCONF (1G0)
TIME (100) 9 WEIGHT(luu)
N » NTOT
COMMON /HHP/Z TOPTsJUPTsKUFPTeNPATH
NCAS=NCASE(I11)
N=NNUM{11)
IPSWT=NANUM(I1)
Kl1=15%(11-1)
DO 1001 I2=1,1PSWT
K1=K1l+1

COMI(I2)y=AAA(K])
K1=9%(I1-1)

DO 1003 12=1,9
K1=K1+1

TITLE(TIZ)=TTITLE(K]L)
K1=30%(I1-1)

DO 1L05 12=1sN
Kl1=K1l+1

TIME(12)=TBLOCK(KL1)
WEIGHT (12)=WBLOCK(K1)
EST(12)=EBLOCK(K])
CALC(12)=CBLOCK{KL])
ACTUAL {12)=ABLOCKI(K])
BUY (12)=BBLOCK(KI1)
CALL NORM12 (KOPT)
RETURN

END

Reference No.
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AAA  (150) » NANUM{1U)
EBLOCK(300) » NinUM (1U)
BsLGCK{300)

£sT (100) » CUM  (12)
MCONF (10u) » UWZ (luu)
s1 (L00) » Sz (luv)
BLY  (Luu) s TITLE(Y)

. v w w
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NORMALIZATION SUBROUTINE -~ 68S (NORM12)

Normalization is the process of removing the effects of nonrandom changes from the
data prior to trend prediction. Nonrandom weight changes are those changes not
mathematically a part of normal weight growth. Twotypes of nonrandom weight changes
are recognized by the subroutine:
a. Nonrandom changes No. 1 - These changes are, in general, buyoffs or trans-
fer of weight between functional systems.
b. Nonrandom changes No. 2 - These changes consist of gross error eliminations
or rejection of monthly changes which exceed preset criteria. The term
outlier will characterize these changes.

NORMALIZATION USING NONRANDOM CHANGES NQ, 1

We have n data points, or observations, U1’ U2, . Un' These points are normal-
ized by applying all nonrandom changes, T which are furnished as input, in the fol~

lowing manner. If T, is the amount of change associated with the i-th observation
Ui’ then

represents the data normalized with nonrandom changes. Of course, if r; = 0 for ail i,
then no normalization takes place and Vi = Ui' It should be noted that a nonrandom
change is by definition positive if the weight was forced down. Consequently, a positive
nonrandom change results in subtraction of weight while a negative nonrandom change
results in addition of weight.

NORMALIZATION OF OUTLIERS

The points Vi undergo a second normalization if this option is specified in the input.
The average monthly increment, v,

V. -V
v - L1

n-1
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is computed with the standard deviation

n
Z [v; - V) - VI
_ i=2
oy ~ n - 2

Each monthly increment, Vi - Vi—l’ is compared with the average V. If it deviates

from the average by more than t20v, it is assumed that the particular increment was
1

not completely random. A nonrandom change, r; , is therefore postulated and is:

f s
(Vi Vi—1 V) if (Vi Vi-1 V) = Zav
' — -
r, = < -(Vi - Vi—l - V) if (Vi - Vi-l - V) = 20v
0 otherwise
\
Normalization then is completely analogous to that above, namely
n
|
Wk=Vk- Z r; k = 1,2, ..., n
i=k+1

The subroutine allows four options:
Option 0 - No normalization of data is performed.
Option 1 - Removal of nonrandom changes No. 1 only.
Option 2 - Removal of nonrandom changes No. 2 only.

Option 3 - Removal of nonrandom changes No. 1 followed by removal of nonrandom
changes No. 2.

The user must specify which option he desires on the trend prediction card which is
read by the Control Program 55S. For a detailed description of this data card see
program 558S.
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$IBFTC NORM12

aNaNaNaXa!

3493

3495
105

3494

1001

1504

LISTsREF
SUBROUTINE NORM12 (T1ARG)
REAL MCONF
COMMON /PPOL/ ACTUAL(10G) » CALC (100) » EST
1 LSQR  (100) s MEAN (100) » MCONF
2 MSQR  (100) » PCUNF (100) » S1
3 TIME (100) » WEIGHT(1lUU) » DUY
4 N » NTOT

COMMON /HHP/ [OPT»JOPTsKOPTs»NPATH
TH(100) sWH({100)sEH(100)sCH(100)»AH(100) sbBH(100)

DIMENSION

1 NAST(100)sNT(100)sDIF(100)

IF (NPATH JNE,
DO 3493 I=1sN
TH(I)=TIME(T)
WH(I) = WEIGHT(I)
EH(1)=EST(I)
CH(1)=CALC(I)
AH(1)=ACTUAL(I)
BH(I)=BUY (1)

NT(1)=1

K4=1

DO 3494 1=24N

IFC  (TH(I)= THC(I-1))
K3=  TH(I)= TH(I=1)=45
XWZ= (WH(I)-WH(I-1))/FLOAT(K3+1)
DO 3495 13=1,K3

Ke=K4+1

TIME (K4) =T IME(K&4-1)+1.
NT(K&)=TH(T)
BUY (K4 ) =0,
WEIGHT (K&4) =
Kb=Ka+1

TIME (K4) =T IME(K4-1)+1,
NT(K&)=THUT)
WEIGHT(K4) = WH(I)
EST(K&)=EH(1)
CALC (K& )=CHI(I)
ACTUAL (K& )=AH(1)

BUY (K&)=BH (1)

N=K&

CONT INUE

DO 1004 MEM=1,N

MCONF (MEM} = U.0

U42 (MEM) = WEIGHT (MEM)

4) GO TO 1001

oEQs 1o

WEIGHT(K4-1) + XWZ

Reference No.
Issue Date 23'Decem5er'TBb"5
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(100) » CUA (12)
(LGU) » UW2 (LUU)
(100) » S¢  (100)
(Luvu) » TITLE(D) »

GO TO 105

IF IARG
IF LARG
IF IARG
IARG IS
IF
IF

1S 1
1S 2y
IS 3,

1 OR 3,
(IARUeLECC)
(IARG.GTe3)

GO TO 59cC1
GO TO 5901

PERFORM NORMALIZATIUN NO,
PEtRFORM NURMALIZATIUN NU.
PERFORM NORMALIZATIUN NO.
NORMALIZATION NU,

1 ONLY
2 UNLY
1 AND 2
1 15 REwUIREVD




IF (IARG.EQe2) GO TO 5801

DO 1007
IF( BUY(
122=12-1
DO 1006

12=2
I12) o

I13=1

sN
EQe 04 )} GO TO 1007

» 122

1C06 WEIGHT(I13)=WEIGHT{(I3)-BUY(12)

1007 CONTINUE

IF (IARGeNE«3) GO TO 59u1
1> IARG MUST BE 2 OR 3
C AT 5801s BEGIN NURMALIZATION Nu, 2

C TO REACH 580

5801 CONTINUE

SUM=0,
L=N-1
V = L
DO 118 I=1lslL
DIF(I) = WEIGHT(I+1) - WEIGHT(I)

118 SUM=SUM + DIF(I)
SUM=SUM/V
SIGMA=0.
DO 119 1I=1sL

119 SIGMA=SIGMA + (DIF(1)=SUM)*%2
SIGMA= SQRT( SIGMA/FLOAT(N=2))
TWOSTG=24%#S5S1GMA
DO 120 1I=1sL
DDIF=DIF(I)—-SUM
IF( DDIF +GEe (-TWOSIG) oANUe DLDIF ,LL,
MCONF(I+1) = -DDIF
DO 1{1 J=1l»l

121 WEIGHT(J) = WEIGHT(J) + DIF(]) - SUM

120 CONTINUE
122 CONTINUE
5901 RETURN
END

TWOS1G)
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Issue Date 23 December 1960
Supersedes New

GO TO 120
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DOUBLE PRECISION MATRIX INVERTER - 69S (DPMI)

DPMI is a double precision floating point matrix inversion subroutine employing the

Gaussian elimination method with partial pivoting. The calling sequence is:
CALL DPMI (N, A, Al

where N is a location containing the number of rows (columns) in the

matrix to be inverted (address integer).

A is the first location of a block coutaining the matrix to be

inverted.

Al is the first location of a block of at least 4N2 locations. Upon
return, the inverse will be stored in the first 2N® locations of
this block.




DPMI

NAME

RTRN
DET

ENTRY
SAVE
CLA
STA
CLA
STA
CLA
STA
CALL
CLA
PDX
TXL
CLA
PAC
CLA
STO
CLA
STO
RETURN
BSS
EXTERN
END
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DPMI
1s4
344
NAME+3
Lyt
NAME+4
594
NAME+5
DPMI1 (%%, %%, %% ,DET)
1s4

[P
RTRNs1s3
694

4

DET
Osé
DET+1
1+4
DPMI1

2
DPMI1
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$iBFTC DPMI1 LISTSREF

CDPMI
C

a¥a¥aXaXaNaXeXaXaNaXaNaRaNaXaRaNA NS NA)

ccC
ccC

w0

- - - SUBROUTINE DPMI - - -
DOUBLE PRECISION MATRIX INVERTER
THIS IS THE SUBROUTINE DMI1 BY Ms Je SULLIVAN MODIFIED oY AM ULSUN

EMPLOYS OLD SUBROUTINE DMI1

UPMI ACCEPTS DOUBLE PRECISIVN INPUT MATRIXs COMPUTES IN DUUbLE
PRECISION AND PROVUCES DOUULLE PERCISION INVERSE MATRIX
FLOATING INPUT OUTPUT AND COMPUTATIONS

STORAGE 1S FROM HIGHER LOCATIONS TO LOWER LUCATIONS WITH HIGH
ORDER WORDS IN A BLOCK SEPARATE FROM THE LOW ORDER WORDS AS IN
FORTRAN 11

MAXIMUM SIZE MATRIX IS 5C BY 50

SENSF LIGHT 3 IS TURNED ON FOR SINGULAR MATRIX OR FUR OVERFLOW
REQU,RES BLOCK OF ERASABLE STORAGE THik SIZe OF THE INVERSE BLOCK
(2%N%%2) IMMEDIATELY BELOW THE INVERSE BLOCK

DETERMINANT OF INPUT MATRIX AVAILABLE

CALLING SEQUENCE CALL OPMI(NSIZESFINPUT»FUUTPUTsFUELTERM)

SUBROUTINE DPMI1(NsFINPUTsA»DETA)

DOUBLE PRECISION FINPUT s DETA » A s ELMAX » HOLD
DOUBLE PRECISION HOLDR » DET

DIMENSION FINPUT(1)sDETA(])

DIMENSION A{1)sELMAX(1)»HOLD(1)sHOLDR(1)sDET(1)s ICOL(25)9IROW(25)
DATA HOLDBP/0113400000C00/

CALL SLITET(3,KOOF)

GO TO (1s1)sKOOF

MN=N

MM=MN-1

NZ2=MN#MN

MN2=MN+MN

JFK=N2+N2

JGK=N2+N2

{ARRANGE HI-LO ELEMENTS OF INPUT MATRIX FOR COMPUTATIONAL EASE)

DO 3 I=1sN2

K=N2+1

A(I)Y=FINPUT(I])

A(K)=0.

ASSIGN 11 TO ITRA
GAUSSIAN ELIMINATION SCHEME
—-——=— TRIANGULAR SYSTE# —=—=

DO 32 I=1sMM

I1C=1-1

1 JK=TC*MN

L=1JK+1

PIVITOL CHOICE = MAXs ELEMENT OF SUB-MATRIX = A(MsK)
ELMAX=0,
ICoOL{I)=1




— 0

NN ANS

12
13

14
15
16
17

18

19
20
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A

IROW(I)=1

DO 10 M=1,MN

J=L4+M-1

DO 9 K=IsMN
HOLD=ABS(A(J})

1IF( ELMAX-HOLD)}81,9+9
ELMAX=HOLD

ICOL(I})=K

IROW(1)=M

J=J+MN

CONT INUE

GO TO ITRAs (11s 1l4)

ELIMINATE AS NOISE ALL A(IsJ) BEYOND u-P RANGE OF MAXIMUM A(I»J)

HOLDR=ELMAX*HOLDBP
DO 13 J=LsN2
IF{ ABS{ A(J)Y)-HOLDR )12913»13
A(J)=Oo
CONTINUE
DET=ELMAX
ASSIGN 14 TO ITRA
GO TO 16
(ABSF (DET) OF MATRIX = PRUGLDJCT UF PIVITUL VALULS)
IF (ELMAX-HOLDR) 63s15+15
DET=DET*ELMAX
CALL OVERFL(KOOOFX)
GO TO (179179171 9KO00OFX
IF(ICOL(TI)-1) 18520918
(INTERCHANGE I TH AND K TH COLUMNS OF A)
K=MN*(ICOL(I)-1)
DO 19 J=1sMN
M=TJK+J
HOLD=A (M)
A{M)y=A(K+1)
A(K+1)=HOLD
K=K+1
IFCIROW(I)=1) 21923421
(INTERCHANGE [ TH AND M TH RUWS OF A AND v) -
K=]JK+IROW( I}
M=L
IC=MN+IC
DO 22z J=1,1IC
HOLD=A(K)
A(K)=A(M)
A{M)=HOLD
K=K+MN
M=M+MN
DIVIDE I TH ROw OF A ANV © BY A(l+])
TA=N2+L
A(TIA)=1.
IC=L+MN




24
25

26

27

28
29
30
31

33

34
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1A=N2+TJK+MN
HOLD=A({L)
DO 2% J=I1C»sI1AsMN
IF(A(J)) 24925+24
AlJ)=A(J)/HOLD
CONTINUE
CALL OVERFL (KOOOFX)
GO TO (63,26+26)»K0O00FX
(REDUCTION OF A AND B TO TRIANGULAR FORM)
DO 31 J=1l,MM
L=L+1
HOLD=A(L)}
IF(HOLD) 27931427
IB=1IC
TA=1C+(J-1)
DO 30 K=1,MN
IFIA{IB)) 28929428
A(TA+1)=A(TA+1)~A(IB)*HOLD
TA=TA+MN
IB=1B+MN
CONTINUE
CALL OVERFL (KOOOFX)
GO TO (63932+32),KJ00FX
CONT INUE
(REDUCE N TH ROW)
L=JGK
JGK=JKG-1
J=N2+MN
AlL)=1e
HOLD=A(N2)
IF{ ABS(HOLD)-HOLDR)63533,33
DET=DET#*HOLD
CALL OVERFLI(KVOOFX)
GO TO (34434434),4,K000FX
DO 35 I=JsLsMN
A(TYy=A(1)/HOLD
CALL OVERFLI(KOQOFX)
GO TO (63+36+36)9yKO00FX

(REDUCTION UF A TU UNITY-MATRIXs YIELUING (B) = PcrMuTeu INVeRSE)

DO 41 I1=1,MM
L=MN-1

TdK=L

K=L+1

DO 40 M=1,1JK
DO 39 J=1sMN
IC=MN*(J~1)
[A=MN*(K-1)+L
IF(C ACTAY 13740537
I8= N2+(IC+Li)
IC= N2+(IC+K)




Reference No. 69.5

Issue Date_ 23 December 1965
Supersedes New

IF(ACIC)) 38+39,38

38 ALIB)Y=A(IBY-ALTICI*A(TA)
39 CONTINUE

40 L=L-1

41 CONT INUE

CALL OVERFL(KOOOFX)

GO TO (6342542)sKOCOFX
C
CIUNSCRAMDLE ROWSs CULSe OF PERMUTEL MATRIXs(o) TU YIELY A-[NVERSC)
C -ROWS~-

42 I1C=N2-MM

DO 48 I=1sMM

L=MN-1

IF(ICOL(L)Y-L) 43,45,43
43 TA=N2+L

IB=N2+1COL (L)
DO 44 J=1sMN

HOLD=A(IA}
ATTA)Y=ALIB)
A(1B)=HOLD
[A=TA+MN
44 I1B=IB+MN
M=-~M
45 IF{IROWIL)Y-L) 46448446
C ~COLUMNS-
46 TA=TC+MN*L

IB=IC+MN*IROWI(L)
DO 47 J=1sMN
HOLD=A(1A)
A(TA)=A(IB)
A(IB)y=HOLD
IA=1A+1

47 IB=1B+1
M= =M

48 CONTINUE
IF{M) 49,450,50

4¢ DET=-DET

50 DO 53 I=1,N2
J=N2+1

53 AlT)Y=A(D)

1%

C
C ELIMINATE AS nwlsSc ALL B(IsJd) DBEYUND U-P RANGe UF MAXIMmUM ollsJd)
C
56 ELMAX=0,

DO 58 I=1sN2

HOLD=ABS(A( 1))

IF (HOLD-ELMAX) 58458457
57 ELMAX=HOLD
58 CONTINUE

HOLDR=HOLDBP*ELMAX

DO 60 I=1sN2

IF( ABS( A(Il) ) - HOLDR 15956060



59
60
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J=N2+1
Al1)=0.
CONT INUE
DETA=DET
RETURN

ERRORS - (OVERFLOW OR INPUT MATRIX IS SINGULAR) —— INVERSE = INPUT
CALL SLITE (3)

GO 70O 61

END
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PROBABLE ERROR PROGRAM - 70S (RSS)

This program extracts the probable error from each functional system where probable
error is defined as the difference between the +95 percent confidence limits and the
mean line, These probable errors for the functional systems are then summed in a
root sum square fashion to obtain the probable error for the stages or module. These
numbers are then used with appropriate trade-off factors to compute a probable error

for the total spacecraft or launch vehicle.

The program uses the results of the Fourier model in its computations, and the binary
tape containing the Fourier output must be premounted. The following pages give ex-
amples of an input deck and typical program output.
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SAMPLE OF RSS INPUT DECK

CARD COLUMNS

I 8 72
MISION 207 3 67 503 5 67 506 8§ 67 *

PARTS 0611900 S/C FACTOR 1.0 3.026 5.9363 *

< PARTS 0640500 S/C FACTOR 1.0 1.0 1.0 *

PARTS 0651500 S/C FACTOR 1.0 2.8165 2.0772 *

_ ENDCSE *

( MISION

ENDCSE *

( MISION

L ENDCSE *
END RSS*

NOTE

The last card in the deck is END RSS, Upon encountering this
card, the program will pass control back to SPACE,




MISSIUN

_SHIP DATE |

611901
C611902
611903
611904
611900
611916
611921
611926
611936
611946
611956

287411
29415
213069
1U4g23
47 .44
94,48
28,59

125,85

150494
64,48
I0e1

82453,78
849,44
47825904
10864,69
2247.,31
8926,46
817|42
15838,13
22783,12
4197,8Q
QUG.QO

444,58

503
_9/1967 -
502,64 915948,(9
Sus72 948,82
230492 B53439,93
109487 12¢71,88
49,97 2497401
99,59  9910,29
30,14 So® 24
132,66 17%97,92
159,11 25114,57
67497  463Y,78
31,73 1007411

465,63

Reference No.
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506

. Br3%e7

3524455 105332.06

32,95  1086,39

247,20 611y9,77
117482 1388p,67
55'59 28?1;56
106480 1140604
32932 1044,48
m_iﬁéigéu.ZAgélzéé_ﬁ_
170482 2911147
72489  5312,75
34,03 1158’17

502455

—— R.M.S, VALUES.



MISSTON

_SHIP DATE

6405038
640530

207

371967

435,64 190655,5%
38,44

458,33

1477,86

503

. 571967

460,26 211039,44
4us2

462,04

164,07

Reference No. 70.3 -
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506

__8s1967

493,57 243615,39

43,40 1868,38

R,M;S, VALUES
435,48




Reference No. 70.4
Issue Date
Supersedes New
MISSTON - 207 503 506
SHIP DATE 371967 571987 8731947
851503 299,82 898vY3,57 316,04 99881,73 338,92 1108“.02
651504 612,14 374715!36 645.25 4i6350,41 691,96 ""!E'
851518 24‘026 140 233,42°¢
651517 ,gg u.oo u.og ,gg 0,00
651526 62.27’ si"g.z 65,84 4308,10 (39 495,32
651527 0,00 ___ 0,00 0,00 U,00 0,00 0,00
7651536 142,80 20390,83 150,52 236596, 48 161,42 260:1,93
651537 90,24 8143,03 99,12 9047 102,40 10404,99
654546 161:61 26118,83 170.36 29020492 183, 68 3337406
651547 453,92 206039,43 478,47 228932,37 -¢ 68 4,68 _
651556 79,75  6399,67 84,06 7060,3; 90.;5 012625
_R.M.8, VALUES
e 894,74 '93Yy,98 867,65
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SHIP DATE 371967 573967 871967
611900 1,00 444,%8 3,03 $418,08 5,96 298,26
640500 1,00 438,33 1,00 468,04 1 00 495,48
851500 14,00 593,74 7,82 1647, 2,95 ‘Eﬁifil"“‘"“‘

RyMy 8, VALVES

1088,57 3038,064

3540 [‘5
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C

C
C
C

C

THIS ROUTINGL W
DATA,
ALL SUBROUTINC

Reference No. 70,6
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1

LISTHREF

ILL GENERATE ROUT MEAN SQUARE REPORTS FOR STRUCIURAL

COMMUNICATION wILL BE THRQUGH THE ('A') ARRAY,

THE FIRST 50 WORDS OF THE ¢Av ARRAY WILL b RESERVEV FOR CONSTANTS

INTEGER REELS

INTEGER WDCT

COMMON /ACCESS/  HCO1UU)»swDCTsTU(12)sPROG

COMMON /SYSTEM/  NIAPESSKEELS(15) s CNTRLS(L1S) sFILES(15) sLRS(15)
1 POS(15) s TRLPOS(15)sRWCNT (15) sUNITS(15)

COMMON  /PFILE/ NFYLE(4s300)sNFY(4)

COMMON /PPOG/ ACTUAL (100 sCALC ({100 »EST(100)»COM{12)

1 LSQR(1v0) sMEAN(100) yMCONF(100)sUW2(100V )

2 MSQR(1CO} syPCONF(100)»S11100)5521100)

3 TIME(100) s WEIGHT (100 ) sBUY(100) »TITLE(9)
& NsNTOT

LOMMON /STT/ N21sD1sD2sJIRUN

COMMON /ALL / A(3000)

EQUIVALENCE (A,K)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALLNCE
1 s (KRDATE(1
EQUIVALENCE
EQUIVALENCE
1 (K(23)sNTAP
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
DIMENSION SC
DIMENSION R
DIMENSION N
DIME! SICN K
DIMENSION bL
DIMLNSION KK
DATA  WORv 7/
16H s 6H
DATA NILT /
NOws LET US ST

NP=0C
IFt WDCT &t
NFY(3)= IC1

1 CALL PROCES
DO 48 J=1sNU

DO 48

48 RMS(Js11=040

(bLOCK(191)9A(100U))
(A(1)swWwORD(1))
(ICASE(1)»AL100L 1))

( WEIGH(1)+sA(300))
(IMISNO(1)sK(50))
ysK(80)
(K{3v)sMDATE) o
(K(2U) sNTAPEL)

» (IMUNTH(1) sK(6U)) s IYEAR(LI}K(70))

(K{31) sNUMCAS) s (K(32)
(K{21)s NTAPE2) »

s [EQ )
(K(22)»NTAPE3) »

£4) 9 (K{24)sNTAPED) » (K(25)3NTAPES)
(NCASc (1) AL200) )
(K(33)sIX1)

(K(34) sMASK)
(K(9u)sKFLAG)
(AL40) 9 RMT (1))
(A{S5uu)sSCF (1))
(HC(1)sIC1)
FLBU»6) sRMS(8UD)
MT(10)
CASE(1)
1)sWEIGH(100y2)

» LAL2500) s RMO L 191))

OCK (100G»15)swORD(10)

DATELYL ) o IMISNO(L) 9 ICASENL) o IMONTH(L)s IYEAR(L)

60 NeAe s O6HTILT y6H s 6H 16H ’
s 6H » 6H » 6H /

GHTILT 7/

ART TU WORKeeoeosonoe

Qe V ) GO TO0 1

MCAS

1=1sMDATE
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KFLAG=1
C THE (A{luvu)TH) WORD STARTS THE THE INPUT BUFFER
IXI=1
20 NP=NP+1
IF (NP «GTas NFY(3) ) 60 To 22U
NX=ISIGN(NPSREELS(3))
NF=REELS(3)%*1000 + NX
CALL READB1(NFs1)
NOCASE=ID(T7)
21 IF{ NOCASE «LTe ICASE(IXI) ) GO TO 20
C R:CORD FUUNDese oUW GO TO WURK
IF( NOCASE oLTe ( ICASE(IXI) + MASK) ) Gu Tu 49
C PRINT ERROR COMMENT
IXI=1XI+1
GO TO 20
C CUDE FOUNDesessNOW LETS DECIDE ON A DATE
49 1EQ=0
50 1EQ=1EQ+1
N71=1D(10)
N=1D(11)
NMONTH=ID(8)
NYEAR=ID(9)-1900
LO 1112 171=1sN71
NMONTH=NMONTH + 1
IF({ NMOUNTH oLEes 12 ) GO TO 1112
NMONTH=1
NYEAR=NYEAR + 1
1112 CONTINUE
NPLUSP= [D(10)+ID(11)
NUMER=5*#NPLUSP + 2*ID(1C) + 9
CALL READB2(NF »ACTUALNUMERSH]ST)
CALL READE2(NFSWEIGH{1»1)sNsHIST)
CALL REAOJUB2(NF ACTUALSID(1U) sHIGT)
CALL READUB2(NFoaEIGHI192)sNsHIOT)
NCASE(TEQ)Y=NOCASE
KEY={NYEAR =—6u)¥12+NMONTH
KEND=KEY+N
I0T=1
56 IF(RRDATE(IuT)eGEeREY ) GO 1O 60
[XX=ICT#2-1
BLOCK(IEQs IAX)=WORD(1)
BLOCK ( [EQe IXX+1)=wORD(1)
IPT=1DT+1
GJ TO 55
6C COMNTINUE
C CumPuUTe THr CURRECT IWNvEXES FOR THb CURRECT vATEo
DC 21¢ I=IDTsMDATE
KLYS=KRDATE(I 1 ~-KEY+]
Ja#2-1
IF(KEYS «GCTe N) GO TO 2ub
BLOCK{ IEQs J)=ABS(WEJOH{KEYS91)-WEIGH(KEYSs2) )
BLOCH (JEQeJ+1)=BLOCK(IEQyJ) *¥%2
RMSEIXTIsI)=RMS(IXIsI)+BLOCK{IEUYJ+])




214
215
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GO TO 210
BLOCK(IEQsJ)=WORD{1)
BLOCK (IEQsJ+1)=WORD(1)
CONTINUE
NP=NP+1
IF{ NP «GTe NFY(3) (ANDs IXI +tQe NUMCAS )-GO TU 214
IFt NP .GT,. NFY(3) ) GO TO 220

NX= ISIGN(NPsREELS(3))

NF= REELS(3)*1000 + NX

CALL READ31(NF,1)

NOCASE=IDI(T)

IF( NOCASE «LTe ( ICASE(IXI) + MASK) } GO TO 50
DC 215 1=1+MDATE

RMSUIXTsI)=0QRTIRMS(IXI 1))

CALL PRINT

IXI=1IXI+1

IF(IX] oLbte NUMCAD) GO TO <1

LeTS SUMMARIZE THE REPORT

245

250

260

220

KFLAG=2

DO 245 I=1sMDATE
RMT(1)=0.0

DO 250 1=14sNUMCAS

DO 25C J=1,MDATE
RMS({1eJ)=RMS(IsJ)*SCF(IsJ)
RMT (L ) =RMT (J)+RMS(1yJ) *%2
DO 260 1=14MDATE

RMT (1) =SdKRT(RMT (1))

CALL PRINT

GO 70 1

CONT INUE

SINCE THERE o AN ERRURs LceT uS PRUCEED TU THE NeXT CASE

GO TO 1
END

ew
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Y Yy O

oA

SUBROUTINE
COMMON /ALL
EQUIVALENCE
EQUIVALENCLE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALCNCE
1 o (KRDATE
EGQUIVALLNCE
LQUIVALLNCE
1 {K(23)sNTA
EQUIVALENCE
EQUIVALLNCE
tQUIVALENCE
tQUIVALENCE
EQUIVALENCE
EQUIVALENCE
JIMENSION S
DIMENSICN
DIMENSICN K
UIMENSION £

Reference No.

70.
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Ne

1O

<

oTsREF
PROCES
/ A(3uLC)
(AsK)
(bLOCK{191)sA(1l00u)) .
(A(1)sWORD(1))
(ICASE(1)sA(100 )
( WEIGH{1)»A(300))
(IMISNO(1)sK(50U))
1)sK(BuU))
(K(39)+MDATLE)
(K(2u)sNTAPEL)Y) » (K(21)>
Pta) 9 (K(24)sNTAPED) »
(IVDATA(1)sDATA(L)
(K{34)yMASK)
(K(33)sIXI
(A(40) sRMT (1))
{(K(9U) sKFLAG)
(A{B5UU0)sSCF(191))
CF({B80s6)sRMS(8U6)
RMT(10)
(1)sWEIGH{191)
LOCK (100315)sWORD(10)

s (IMONTH( 1) sK(6U))
(K{31) s NUMCAS) » (K{32) »1EG )
NTAPE2) » (Kig2)sNTAPE3)
(K{25) sNTAPLSE)

A{lUu1l) )

s (AL25U00)sRMS(151))

UVIMENSTON

KEKUATE L) o IMISNOUGLY s ICASE(L ) o IMUNIH(L Yo IYLAREL)

s {IYEAR(1)sK(T70))

DIMENS ION
UIMENSTOUN

CARDIC(10)
DATALSU) » IUATA(S0)

UATA KFV /6HFACTOR /
DATA CARUIV Z6HMISION » 6HPARTO » OHMASK
16h »6H »6H s 6HENDCSE 4 6H
DATA ENL/3HAEND/ 9sRO5/3HRSS/
RISTORE COUNTERS
MASK=1CJd
MFLAG =0
NUMCAS=C
MDATE=D
1 CALL RLEADH (DATAyNUMIXCARD)
IF( CATACL) ewde NU eANUs VATAL2) eruwe Roo

00 5 I=lslv

IF{XCARL oWeCARODIL(INIGU Tu 9
5 CONTINUE
PRINT ERROR MESSAGE

GO TC 1
9 GO TC (1us20930s4Ls5036CsTC9BCs9U0s1001)1
10 MDATE=NULM/3

CO 11 1=1sMDATEL

J=(I-11%3+1
STORE UATE ANV - MISSTON NUMBLR

IMONTH(I)=1UATA(J+])
IYEAR (1) = IUATA(J+2)

» 611

y OH ’

) CALL oFACC




C
C

11

20

22

23

24
26

40

50

60

7C

8C

90
S

1CC
999

IMISNO(T)=1IDATA(J)
KRDATE(I)=IDATA(J+1 )+ (IDATA(JU+2)-60)*1?2
GO T0 1

NUMCAS=NUMCAS+1
ICASE(NUMCAL)=IDATA(L)
IFINUMCAS oNEe 2 ) GO TO 23
MFLAG=1

MASKED=MASK#*1U
ICAS=1CASE(Z)/MASKLED

[CASs ICAS*MASKED
IF(ICASE{2)eNEeICAS) GO TG 23
MASK=MASKED

GO TC 22

IF(IDATAL3) «LQ.KFV ) GO TO 24
SCFUNUMCASs1)=—1,4U

IDATA(3) =0

GO TO 1

DO 26 1I=1»+6
SCFINUMCAS» [ )=DATA(]+3)

GO TO 1

CONTINUE

MASK=1DATA(]1)

MFLAG=1

GO TO 1

CONTINUE

GO TO 1

CONT INUE

GO TO 1

CONTINUE

GO TC 1

CONTINUE

GO TO 1

CCNT INUE

GO T0 1

IF(MFLAG +EQe 1 ) GO TO 999

INCE NOT ENOUGH INFO HAS oEan GIVENS SKIP THIOL CAst ANU WRITE

ZRROR CCMMENT
GO 70 1
RETURN
END

Reference No.
Issue Date
Supersedes

7010
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$IBFTC PRINT LISTHREF

C

1

1

SUBROUTINE PRINT

COMMON /ALL / A(3000)
EQUIVALENCE (AsK)

EQUIVALENCE (A(1)sWORDI(1))
EQUIVALENCE (BLOCK(1s1)»A(1000))
EQUIVALENCE (ICASE(1)»A(100 1))
EQUIVALENCE ( WEIGH(1)sA(300))

EQUIVALENCE (IMISNO(1)sK(5U}) s (IMONTH(1)sK{6U)Y) »{IYEAR(L)sK(TV) )

s (KRDATE(L1)sK(8U) )

EQUIVALENCE  (K{3U)sMDATE) 9 (K(31)sNUMCAL)y (K(32) slbu
CQUIVALLNCL (K(2U)sNTAPLY) 9 (K{21) s NTAPE2) » (K(22)snTAPL3Z)

(K{23)sNTAPLG) » (K(24)sNTAPLD) » (K(25)sNTAPLG)
EQUIVALENZE (NCASE(1l)s AL20L0) )
EQUIVALENCE (K(33)sIXI)
EQUIVALENCE  (A(500)sS5CF(191)) »(A(2500)sRMO(1y1))
EQUIVALENCE (A(40)sRMT(11))
EGUIVALENCE (K(90)sKFLAG)
DIMENSION SCF(8Us6)sRMS(8096)
DIMENSION RMT(10)
CIMEISION  NCASE(1)
DIMENSTON K{1)sWEIGH{191)
DIMENSION wlLOCK (1UCs15)swURD(10)

UIMENSTUN SRUATECL) o IMISNOCGL) s LCALGL (L) s IMUNIHIL )2 YEAR(L)

THIS ROUTINE PRINTS THE REPORT

104

100

103

101

102
10

105

208

WRITE | 6r1u4)
FCRMAT (1H1}
WRITE | 6»1C0) (IMISNO(I)»1=1sMDATE)

FORMAT (//3XsTHMISSIONs 10Xy Lay H5(16Xs14) )
WRITE( 69103
FORMAT (/7 )

wWRITE | 691v]1) CVIMONTHIT) o LYEAR(LI) Yo l=1eMUATL)

FORMAT (2Xe9HoHIP VATL 9 8Xe I1Z293H/719912y 5(13Xe12s3H/19912))
WRITEL 691v3)

WRITE( 63 1u3)

GO TO (19200300 ) sKFLAG
MDATED=MDATLE*2
CO 10 KK=lslEQ

wRITL 6elv2) NCASE(KK) s {bLUCKIKKs I )sl=19MuATED)
FORMAT (2Xs1792X912F1Ce2)

CNTINUE

wRITL | 6s1u5) (RMS(IXIsI)ysl=1sMuATE)

FORMAT(// 64Xs14HReMeSe VALUES // 11X96F2042)
GO TO 599

CONT INLE

20 21.¢ KK=1lsNUMCAS

wiR1Te o 6rlue ) ICASLiRN s (ol {ans I JsRMOIANS ) )0 l=lsMmBDAIL)
WwRITE 6r1UB) (RMT(])sl=1sMDATC )

WRITE ( 6slla)

CONT INUE

RETURN

END

.11

New

)
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$1BFTC BDATA LIST,REF
BLOCK DATA
COMMON/ALL / A(3000)
EQUIVALENCE (A,K)
DIMENSION K{(3000)
DATA K(20),K(21),K(22) ,K(23) ,K(24) ,K(25) / 1,2,3,4,5,6 /
END
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PLOTTING SUBROUTINE - 71S (UMPLOT)

GENERAL DESCRIPTION

UMPLOT is an acronym for University of Michigan Plotting Routine. The philosophy
used in writing the routine was to treat a region of core storage (subsequently, called
the image region or simply the image) much as a piece of graph paper when plotting

data manually.

First, the image region is blanked out, and a grid, formed of I's and -'s (with +'s at
the intersection points), is placed in the image region. Given the numerical limits of
the abscissa and ordinate, (i.e., the maximum and minimum values of the two vari-
ables, say x and y), the routine can place any specified BCD plotting character at the

appropriate position in the image for a given pair of data values (Xi’ yi) .

Each point ;> y.l) is plotted individually and independently of any preceding point, In
other words, the data need not be presorted. Any number of points (xi, yi) with any
corresponding BCD plotting characters can be placed in the image. A character fall-
ing on a previously plotted character will replace that character. Thus, only the last
one plotted of two coincident data points appears in the final image. Points falling

outside the grid limits (not in the image region) are ignored.

When all desired points have been placed in the region, the image is copied onto the
specified decimal output tape for subsequent off-line (or simulated off-line) printing

or punching, Any number of duplicate copies of the graph can be produced.
The subroutine has four main entries which perform the following functions:

PLOT 1

This entry to the subroutine sets up the grid spacing and the total width and length of
the graph image. It also determines the location of the decimal points and the multi-
plying factors (powers of 10) for values of the ordinate and abscissa to be printed at

the grid lines,
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PLOT 2

This entry to the subroutine prepares the grid, examines the maximum and minimum
values of the abscissa and ordinate, and establishes internally aformulafor computing

the location in the image region corresponding to the point (xi, yi) .

PLOT 3

This entry to the subroutine places a specified BCD plotting character in the appropri-

ate position(s) corresponding to the given value(s) of (Xi’ yi) .

PLOT 4

PLOT 4 (or FPLOT 4) entry writes the image of the completed graph on the output
tape for subsequent printing off-line, A label for the ordinate is printed vertically
(one character per line) at the left edge of the page. Values of the abscissa and ordi-

nate are printed at the grid lines outside the bottom and left edges of the graph.

FORTRAN CALLING SEQUENCES

Call PLOT 1 (NSCALE, NHL, NSBH, NVL, NSBV)
Call PLOT2 (IMAGE, XMAX, XMIN, YMAX, YMIN)
Call PLOT 3 (BCD, X, Y, NDATA)

Call FPLOT 4 (NCHAR, nHABCDEF. . . . .)

DESCRIPTION OF ARGUMENTS

NSCALE

This is a vector (array) in the user's program having one or five locations, If the
user wishes to use the standard scale factors and decimal point positions (see below),
NSCALE should equal zero. To alter the standard factors, NSCALE must be any non-
zero quantity, In this case, the NSCALE array must have five locations containing the

following information:

FORTRAN Location Contents Function
NSCALE (1) Any nonzero value  Alter standard factors,
NSCALE (2) I Printed values of the ordinate (y)
are 10,P.I times the actual values.
NSCALE (3) J Printed values of the ordinate (y)

have J digits following the decimal
point (J.LE, 8),



FORTRAN Location

NSCALE (4)

NSCALE (5)
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Contents Function
K Printed values of the abscissa (x)

are 10, P.K times the actual values.,

M Printed values of the abscissa (x)
have M digits following the decimal
point (M. LE.9).

STANDARD SCALE FACTORS

When NSCALE is zero, the standard scale factors are used. The effective values of

I,J, K, and M are 0, 3, 0, and 3, respectively. The actual values are printed with

three decimal places.
NHL
NSBH
NVL
NSBV

The number of horizontal grid lines in the graph image.
The number of spaces between horizontal grid lines,
The number of vertical grid lines in the graph image.

The number of spaces between vertical grid lines.

NOTE

In keeping with standard notation for graph paper, (e.g., 10 x 10 to
the inch) NHL and NVL are really one less than the actual number
of lines. It is not customary to consider the axes when counting lines

in the grid.

IMAGE

XMAX
XMIN
YMAX
YMIN
BCD

An array (vector), dimensioned in the user's program
consisting of N sequential locations not used between
execution of PLOT 2 and PLOT 4, where

N
P

P*(NSBH*NHL + 1)

(NSBV*NVL + 1) /6, rounded up to the
nearest integer

The value of the abscissa at the rightmost grid line.
The value of the abscissa at the leftmost grid line.

The value of the ordinate at the uppermost grid line,
The value of the ordinate at the lowermost grid line,
The BCD (Hollerith) plotting character, and may be any
legitimate left-adjusted BCD character (letter, digit,
blank, or special character * , . +etc.).

A single location (or array name) containing the x co-

ordinate(s) of the point(s), (x;, ¥;)-
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Y A single location (or array name) containing the y co-
ordinate(s) of the point(s), (xi, yi).

NDATA The number of data points (xi, yi) associated with the
arrays x and y. With NDATA equal to 1, a single point
will be plotted for a single execution of PLOT 3, With
NDATA equal to Q, Q points (xi, yi) taken in sequence
from vectors of length Q starting at x and y are plotted
for a single execution of PLOT 3,

NCHAR The number of BCD (Hollerith) characters (including
blanks) in the label array (vector),

LABEL The name of an array (vector) which contains the string
of BCD characters to be printed at the left edge of the
output page, i,e., a label for the ordinate of the graph.

LABELING THE ORDINATE - USE OF FPLOT 4

The string of characters for the ordinate label appears directly in the calling sequence
as the second argument (Hollerith). The n preceding the H (specifying the Hollerith
string) should be the same as the value of NCHAR.

RESTRICTIONS ON ARGUMENTS

NHL .GT. 0
NSBH .GT, 0
NVL .GT. 0
NSBV .GT, 0
(NSBV*NVL) .LE, 101
XMAX .GT. XMIN
YMAX .GT. YMIN
BCD Must be a left-adjusted legitimate

BCD (Hollerith) character, i.e.,
1H-, 1H*, 1HA, 1H1, etc.
(FORTRAN)

MODES OF ARGUMENTS

Those arguments which deal directly with data values (XMAX, XMIN, YMAX, YMIN,

X, Y) must be in floating point mode,
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Those arguments which deal with the arrangement of the image and the scale factors
(NSCALE, NHL, NSBH, NVL, NSBV, NCHAR) and the number of data points can be:
a. Floating Point
b. FORTRAN type integers

The routine automatically determines which mode is being used for each argument.

LABEL and BCD must contain Hollerith information only.




$IBMAP UMPLOT
*

A4
PLOT1

A63

AT0
A71

ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
PZE
PZE
DEC
SAVE
CLA
STA
STA
STz
CLA
STO
CLA#*
TSX
TZE
STO
CLA*
TSX
TZE
STO
LDQ
MPY
STQ
CLA*
TSX
TZE
ST0
CLA*®
TSX
TZE
STO
LbQ
MPY
sSTQ
LLS
ADD
sTO
SuB
TMI
CLA
STO
AXT
TRA
PZE
MTH
CLA

PLOT1
PLOT1
PLOT2
PLOT3
PLOT4
FPLOT4
oMIT
0
0
6
19294
394
Al41
Al4s
Al1723
Al657
Al1725
[
Al1072,2
A63
Al655
Sy 4
A1072,42
A63
Al666
Al666
Al1655
Al633
694
A107242
A63
Al1656
Tr&
Al1072,2
A63
Al667
Al667
Al1656
Al1703
35
Al1657
Al704
Al622
AT71
Al1607
ALT23
~-%=-144
A223
Al6U0ss 1
A4l3
Al704
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Allé
ALL17

Al22
Al23

Al&l

Albd

A150

TSX
FDP
STQ
CLA
FAD
TSX
STO
LDQ
MPY
STQ
LXA
CLA
SUB
PAX
CLA
STO
LDQ
sTQ
TIX
MTH
CLA
STO
STQ
TIX
sTZ
TSX
PTH
PTH
PTH
TSX
PTH
PTH
PTH
CLA
ADD
STO
suB
Tzt
™I
CLA
TZE
AXT
CLA
TSX
SXA
LAC
STO
TXI
TXH
CLA
1943
TPL

A106742
A1673
Al701
Al1701
Al647
A1102s2
Al716
Al716
Al6T2
A1705
A1T71642
A1705
A1704

s 1
Al576,1
Al156Ts2
A1513
Alb1342
All6e2y1
Al22
AlLDT76
Al1D6T42
Al1513,2
All742»1
A1623
Al1l12344
Al624
Al623
Al1512
Alll3s+4
Al6Z5
Al623
A1566
A1623
Al667
A1623
A1704
Al123
Al123

+* 3

A159
14

‘4
Al1073,2
XY s&

XY 2
A16235s2
*+1949~1
Albabsbs=5
Al6lé
A155
Al55S
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cLS A1657
Al154 TXL 21605520
A155 570 Xz

CLA A1577

CAS X2

TRA A161

TRA %+1
Al60 STO Al6l6
Al61 CLA Al6l4

suB A1T702

TPL #=1

ADD A1702

TZE Al70

TPL A170

CLS A1657
A170 STO Al6la

CLA Al1667

SUo Aleb7

STO Al621

CAS Al6l4

TRA A200

TRA *+1]

suB A1657

STO Albl4
A200 CLA A1711

ADD Al61l4

sTO A1620

CLA A1665

SUB A1704

SUS Al620

TPL A211

ADUL A1620

STO Al620
AZ11 CLA Al620

CAS Al6ly

TRA A216

TRA %41

suE A1657

STO A1614
A216 2AC

RETURN PLCT1
A2273 SXA LOADG v 4

STO =H5AVEAC

CLA 1+4

ORA =0300000001000

5TO Y1

CALL JoBOU(Y1-1)
LOADG  AXI *¥* 94

cLa =HHAVEAC

TRA 244
PLLT2 SAVE 19294

CLA ASCT
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COM
STDL A1065
sT2 A1725
CLA A1723
T2E A243
CLA A1610
RETURN PLOT2
A2 43 LDQ A1633
MPY A1T716
sSTQ 51
CLA A1T16
sSSP
ADD 51
suB A1634
STO 53
CLA 344
sSSP
ADD 53
STA A341
STA A367
STA AS530
STA ATu4
sTZ ALlT24
CLA* Gy b
TSX A1056,2
STO A1727
CLA* 544
TSX AlCY6,42
STC A1730
CLA* byl
TSX A1056,2
STO A1731
CLA* T4
TSX A1C5642
STO A1732
LS A1730
FAD A1727
T™MI A4ll
sTO A1674
LS A1732
FAD A1731
TMI A4ull
STO A1675
CLA Al633
TSX A1C6T72
FOP A1675
STU ALTla
CLA A1703
TSX Al067,2
FOP Al674
STG A1T715

CLA Al1656
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TSX ALO6T 42
STO ALTC1
CLA Al6T4
FDP A1701
sTQ A1567
CLA A1655
TSX Al10674+2
STO A1701
CLA A1675
FpP A1701
sTQ A1570
s77 A1623
sTz A1545
A333  STZ Al630
A334  CLa Al630
PAX v2
ADD Al623
PAX A
CLA A1566,2
A341  STO i
CLA A1630
ADD A1657
STO A1630
Sus AL1716
TNZ A334
CLA A1623
ADU A1716
STO Al623
CLA A1655
SUb A1545
TZE Aal61
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SECTION 1

GENERAL INFORMATION

INTRODUCTION TO THE MONITOR

SPACE is an executive, or administrative, program operating as
a subset of the TOLO/7O4L IBJOB Processor Monitor (/#7040-SV-811).
The framework of SPACE is centered around a collection of seven
versatile I/0 subroutines. By using these subroutines, the programmer
can disassociate himself completely from problems such as the
'physical! aspects of retrieving or creating externally stored data,
blocking/unblocking logical records, file positioning, synchronized
CPU/channel overlap, and the differences in the characteristics of
recording devices. Thus, he is permitted to concentrate on his

primary task--the internal processing of data.

A basic requirement of any executive monitor is to automate the
running of a series of data-processing programs by calling these
programs from a library tape as they are needed. This requirement
necessitates the SPACE user to create his own library by employing
the chain feature of IBLDR. The only requisite conditions imposed
upon the link structure of this library is that SPACE be the main
link, with the subsidiary programs acting as dependent links. One
such dependent link is a post-execution file utility processor which
must be included in the library. It may, for all purposes, be

considered as a part of the monitor, only in core when needed.

Enhanced by these facilities, the objectives of the monitor may
be outlined, as follows:

a. To maintain semi-compatibility with programs written
for the now defunct DSDPS (Defense Systems Data

Processing System).

1-1-01




To create, if possible, up to 999 files of data on

a given I/0 device, with the ability to randomly
access any of these files.

To enable 'data-sharing' capabilities whereby files
of output data from any program(s) can serve as input
data to any later program(s), either within the same
job or not.

To provide a framework around which systems of data-
processing programs can be developed. Once data is
available in the standard SPACE file format, the
whole range of previously written programs is avail-

able -to process it.
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HISTORY AND DEVELOPMENT

The history of data processing in ASD began in July of 1963
with the installation of an 1BM 7094. Mr. E. E. Johnson's engineer-
ing programming group assumed the task of writing sufficient programs
which, using the Monte Carlo simulation technique, enabled the cal-
culation of the probability of success for various flight regimes
of the Apollo Mission. The effort was dubbed SOAR 111 (Simulation
of Apollo Reliability) and, headed by H. N. Lerman, grew into a
complex system of approximately thirty functionally dependent pro-
grams. The apparent need of a monitoring system forced the use of
DSDPS to provide a tape library of SOAR programs, and to handle
communications between these programs. Although the operating
philosophy of DSDPS was no less than excellent, it left much to be
desired in other respects. The most stringent shortcomings were
threefold--(a) programs had to be assembled in absolute mode and rely
upon fixed absolute locations, thus virtually inhibiting interface
capabilities with relocatable subroutine libraries, assemble-and-go
facilities, compiler 1anguages], etc., (b) the monitor itself had
to be adopted to IBSYS and maintained by the installation, thus
causing the implementation of new version software releases to be
indeed 'painful’, and (c) DSDPS was not suitably designed for reli-

ability data-processing applications.

This led to the advent of SPACE, written by R. G. Hansen in the
early fall of 1964, operating as a subset of 7090/7094 [BJOB under
IBSYS. The new monitor was accepted with enthusiasm by most ASD
programming personnel and immediate action was taken to begin convert-

ing all active DSDPS programs in the SOAR series.

Soon after the completion of T7090/7094 SPACE, a decision was
made to replace the TO94 with a T7O44. The structural differences
in software design of the two computers necessitated a complete
rewrite of the monitor. The 7040/704Y4 version of SPACE is a highly
flexible system and features increased capabilities over the 7090/7094

version, at a reduction of core storage requirements.

lA means was found by which DSDPS could utilize the FORTRAN Il language;
however, the resultant programs ran quite inefficiently.
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SECTION 2

PROGRAMMER 'S MANUAL

WRITING A PROGRAM

The following paragraphs describe the organization and operating
philosophy of the monitor. Although some of the material presented
here is user oriented, it is included to provide a clear understanding

of SPACE programming procedures.

THE SPACE COMMUNICATION NUCLEUS

Two individual named common bliocks contained within SPACE provide
all necessary communications between the monitor and the executing
programs. The control section names of these blocks are 'ACCESS' and
'SYSTEM'. Individual FORTRAN coded programs must contain either, or
both, of the following COMMON statements in order to reference these

areas.:
COMMON/ACCESS/HC(100),WDCT, 10(12),PROG

COMMON/SYSTEM/NTAPES ,REELS(15),CNTRLS(15),FILES(15),LRS(15),
POS(15),TRLPOS(15) ,RWCNT(15),UNITS(15)

Individual MAP coded programs must contain either, or both, of the

following code sequences:

Sequence 1: HC BSS 100
wDCT BSS 1
1D BSS 12
PROG BSS 1
ACCESS CONTRL HC,*
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Sequence 2: NTAPES BSS 1

REELS BSS 15
CNTRLS BSS 15
FILES BSS 15
LRS BSS 15
POS BSS 15
TRLPOS BSS 15
RWCNT BSS 15
UNITS BSS 15

SYSTEM CONTRL NTAPES , *

These blocks are maintained by the monitor and reflect information
related to the current program in execution, and also an up-to-date
history of status information pertaining to I/0 file activity within

the entire job.

JOB DECK ORGANIZATION

The job deck for a SPACE application consists of all data cards
up to, but not including, the $1BSYS card. Consider a data card
series as a group of one or more cards, the last of which contains
an asterisk (*) in columns 7-72, inclusive. Individual cards compris-
ing the series, including the terminal (*) card, may contain data
items (subsequently referred to as 'words') punched in these columns
in accordance with the following rules:

a. A given word will be classified as and converted to a

BCD, integer, or floating point quantity, as characterized
by the appearance of a letter, the absence of a decimal
point, and the appearance of a decimal point, respectively.

b. Words are separated from one another by one or more

intervening blank card columns.

c. A word cannot be continued from one card to the next.

The job deck must always begin with a card series describing informa-
tion such as each reel of magnetic tape which will be needed for the
job, the device to which the reel should be assigned, and, among

other 'things, the file numbers of certain files which are to be
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processed by the post-execution file utility program. This special
program, in addition to performing all housekeeping functions at the
end of the job, can dump selected records from generated files in

a variety of formats, and can also copy a given file from one device
to another. Card columns 1-5 of the first card in this series must

contain the identification word 'REELS'.

The remainder of the job deck consists of program control cards
interspersed with data cards. The program control cards comprise a
series and are read by the monitor. Columns 1-6 of the first card
in such a series must contain the name of the next program which is
to be loaded and executed. The name must be left-adjusted and must
be identical to the name given the dependent link to which the program
belongs; i.e., the name appearing in columns 8-13 of the $LINK card.
When the program control card series is read by the monitor, the
following actions are taken:

a. The program (1ink) is located in the library and loaded

into core storage.

b. The name of the program is placed in location PROG.

¢. Program control parameters which were read from the

series are placed into the HC block, and the number
of such parameters read is placed in the address
portion of location WDCT.

d. Control is given to the program via a TRA instruction.

Data cards to be read by the program may follow the control card
series; however, caution must be exercised to avoid accidental reading
of the next program's control cards in the job deck. This implies
that the program must have a means of recognizing the end of its
associated data. |If, for some reason, a program fails to read all
of its data before returning to the monitor, the job deck will be
searched until the next control card series is found, or a card with
a dollar sign ($) in column one is encountered, which automatically

terminates the job.

Thus, any of the programs in the SPACE library may be run in any

order, as many times as desired.
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2.1.3

INTER-PROGRAM COMMUNICATION BY DATA FILES

Central to the design of SPACE is a collection of seven versatile
binary I/0 subroutines. These subroutines enable programs to read or
write up to fifteen files of data, simultaneously. The basic unit of
information within such a file is termed a logical record. Several
logical records grouped together constitute a block, or physical
record on the recording medium, and all such blocks grouped together
constitute the data file itself. Every data file has a unique number
associated with it, termed the file number, and programs communicate
with the files by these numbers alone. The uniqueness is effected by
specifying the reel number! (R) upon which the file resides, together
with the position (P) of the file relative to load point. The file
number is then expressed as an integer of the form, 1000R+P. For ex-
ample, the file number 387002 reflects the second file of data contained
on reel 387.

The discussion so far has implied the use of tape reels which
have been assigned to a particular individual for his exclusive use.
The reels must, of course, be mounted at the beginning of his job
and must be terminally removed to prevent possible destruction by
subsequent jobs. This philosophy is an excellent one provided that
all data files which were created in the job were of a permanent nature;
i.e., files which would subsequently be used for input at a later date.
Many applications, however, require the use of mediary, or scratch
files. These files are to be used only within the job and need not
be saved. Since only one file per reel can be in an active state at
any one time, it follows if at some point a requirement exists to
read or write several mediary files simultaneously, an appropriate
number of reels would have to be mounted at the outset of the job to
accommodate these files. This time consuming and costly procedure can
be alleviated by specifying the reel(s) as mediary in the tape assign-
ment card series. A mediary reel number consists of a negative integer,
the magnitude of which is less than 32,768. This number serves only

as a reference when specifying file numbers; hence, the choice of such

1 . .

The reel number is an integer code assigned to a reel when it enters
an installation. This number appears on the outer surface of the
reel for visual identification.
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2.1.k

is left to the discretion of the user]. The term 'reel' takes on

a different connotation when referring to mediary reels. In this
case, the 'reel' may be sequential tracks of disk or drum storage,
or a reel of magnetic tape. From the programmer's and user's point
of view, however, all of the devices may be treated as magnetic
tape. A mediary reel, then, consists of an available device upon
which data files can be recorded and read only by the programs used
within a given job. Unless otherwise specified, the monitor will
attempt to assign these reels to devices which are in ready status,
thus eliminating the need of manual intervention to mount and remove

tapes.

FORMAT OF THE STANDARD DATA FILE

The standard SPACE data file consists of a twelve-word identifica-
tion record followed by any number of data blocks, the last block of
which is followed by an end of file mark. The content of the identi-

fication record is as follows:

Word 1 - A label identifier, consisting of the BCD word

'FILEID'.
Word 2 - The file number of the file.

Word 3 - The date upon which the file was created, formated
in BCD as MMDDYY.

Word 4 - The BCD name of the program which created the file.

Word 5 - An integer, right adjusted, indicating the size
of logical records within the file.

Word 6 - The address of this word contains a count of all
physical records constituting the previous data
file. It is used by the I/O routines for file
positioning purposes.
Words 7-12 of the identification record are available for use by the
programmer, should he elect to place additional information about the
file into the label. The contents of these six words are never altered
or disturbed in any way by the file processing routines, except when

a file is opened for reading.

]Some programs depend upon fixed mediary file numbers. The user should
consult program descriptions to determine which mediary reel numbers,
if any, must be supplied in the tape assignment card series for the job.
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2.

Physical data records, or blocks, within the file are 257 words
in length, with the exception of the last such block, which may be
less than 257 words. Two dummy words are provided at the beginning
of each block to prevent it from being noise (containing less than
three words) and, in addit}on, a word is appended to the end of the
block which serves internal validity checking purposes. Before the
block is written, its sequence number is placed in the address of this
word. A check sum is then formed by computing a logical sum of the
entire data in the block. The left and right halves of ‘this sum are
added together, and the resultant 'folded' check sum is placed in the
left half of the word. Whenever the block is read, a folded check
sum is computed and compared against the left half of the last word
in the block. In addition, the current block sequence count is
compared against the address of this word. An unequal compare, in
either case, is considered an unrecoverable error condition. These
words are handled internally by the processing routines only and will

never, under any circumstances, be transmitted to the user as data.

As mentioned earlier, the last data block in a file is followed
by an end of file mark. An additional file mark is placed at the end
of all usable files on the reel which serves as a trailer label for
the reel. |If the trailer label is encountered by the processing
routines while attempting to position at a file upwards on the reel,
and positioning requirements have not yet been satisfied at the point
of encounterment, an unrecoverable error condition occurs and the user

is informed of his attempt to access a nonexistent file.

THE FILE-PROCESS ING_SUBROUT INES

Seven subroutines enable SPACE programs to handle data files
by file number alone. With these facilities, programs can read, write,
skip, and backspace logical records, or write an end of file mark
simply by calling the appropriate routine. The following definitions
apply to CALL prologue arguments which must be supplied to the various

subroutines when they are used:
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LRS

FWA

NREC

i}

A location containing the file number of the
file which is to be acted upon-

[y

A location containing the size, or length, of
logical records within the file, in terms of

words. It must be a positive, right-adjusted
integer less than 255.

= The first word address of the array, or block,
into or from which logical records are to be
transmitted.

fi

A location containing the number of logical
records which are to take part in the activity
requested by the CALL. It must be a positive,
right-adjusted integer.

HISTRY= A location which contains a history of operation

performed by subroutines READB2, SKIPR, and BSPR.
Each of the routines will update this location
before returning to the calling program.

2.1.5.1 SUBROUTINE READBI

Before data can be read from a given file, the file must have

been previously activated, or opened, by calling READB] as follows:

CALL READB1(F,LRS)

When this call is executed, the following events take place:

ade

If any file is currently active on the reel specified
by F, it is closed by calling ENDF.

The reel is positioned to the data file specified

by F, and the identification record of the file

is read into locations ID through ID+11.

Call arguments F and LRS are compared with C(ID+1)
and C(ID+4), respectively, to verify positioning
success. The label identifier contained in C(ID)

is additionally verified.

All housekeeping functions are performed to permit

subsequent use of READB2 for reading the file.

It is conceivable that the LRS specification of a given file will not

be known

such a si

when it is desired to open the file with READBl. Although

tuation should be avoided, the file may be opened by setting

the C(LRS) to zero before calling READBI. At return, the C(ID+i) can
be inspected to determine the LRS of the file.
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2.1.5.2 SUBROUTINE READB2

This subroutine is used to read any number of logical records

from a file which has previously been activated by READBI. Linkage
to READB2 is as follows:

CALL READB2(F,FWA,NREC,HISTRY)

When this call is executed, READB2 will begin reading the next NREC
logical records from file F, each of size LRS, into the transmission
area specified by FWA. The first such record will be transmitted to
locations FWA through FWA+LRS-1, the second to locations FWA+LRS through
FWA+2*LRS~1, etc., until NREC logical records have been transmitted,
or the end of file is encountered, whichever occurs first. At the
end of the operation, READB2 will place a right-adjusted integer into
location HISTRY which reflects the total number of words transmitted
by the request. Furthermore, if the end of file was encountered
before NREC logical records were transmitted, the sign of location
HISTRY will be set negative and the file will become inactive. It

cannot be referenced again until it is opened by READB! (or ABOUTI).

2.1.5.3 SUBROUTINE ABOUTI

Before data can be written in a given file, the file must have

been previously activated, or opened, by calling ABOUT! as follows:
CALL ABOUT1(F,LRS)

when this cail is executed, the following events take place:
a. |If any file is currently active on the reel specified
by F, it is closed by calling ENDF.
b. The reel is positioned as specified by F.
c. The first six words of the ID block are prepared
and the identification record is written from
locations ID through (D+1].
d. All housekeeping functions are performed to permit
subsequent use of ABOUT2 for writing the file.
Note that words 7-12 of the identification record are reserved for
use by the programmer. [If he elects to use any of these words, he

must prepare them in the 1D block prior to calling ABOUTI.
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2.1.5.h4

2.1.5.5

SUBROUTINE ABOUT2

This subroutine is used when it is desired to write logical
records in a file which has previously been activated by ABOUTI.

Linkage to ABOUT2 is as follows:
CALL ABOUT2(F,FWA,NREC)

wWhen this call is executed, ABOUT2 will write NREC logical records
into file F, each of size LRS, from the transmission area specified
by FWA. Thus, a total of NREC¥LRS contiguous words will be trans-
mitted to the file from locations FWA through FWA+NREC*LRS-1.

SUBROUT INE SKIPR

In some applications, it may be necessary to start processing
a file at some logical record other than the first, or perhaps only
every nLh record of the file is to be processed. [In either case,
the SKIPR routine can be employed to pass over, or ignore, the

unwanted records. Linkage must be as follows:
CALL SKIPR(F,NREC,HISTRY)

The call to SKIPR causes the next NREC logical records contained

in file F to be skipped over, unless the end of file is encountered
before the request is satisfied. |In either case, SKIPR will place

a count of the number of words skipped into location HISTRY. Further-
more, if the operation was ended due to encountering the end of file,
the sign of location HISTRY will be set negative. The file will not,
however, be made inactive. This is an important distinction between
READB2 and SKIPR. For example, if it is desired to start processing
at the last logical record in a file and work backwards, the following

subroutines would be used in the prescribed order:

READBI To activate the file.

SKIPR Until the end of file is reached.
BSPR To backspace one logical record.
READB2 To obtain the last record.

BSPR To backspace two logical records.
READB2 To obtain the next-to-last record.
etc.
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2.1.5.6

2.1.5.7

A check must, of course, be made after each call to BSPR to determine

if the beginning of file has been reached.

SUBROUTINE BSPR

This subroutine is used to backspace over logical records in a

file which has been previously activated by READB1. Linkage is as

follows:
CALL BSPR(F,NREC,HISTRY)

This call results in backspacing over NREC logical records in file F
which have already been processed by READB2 or SKIPR, unless the
beginning of -the file is encountered before the BSPR request is
satisfied. In either case, the BSPR subroutine will place a count
of the number of words backspaced into location HISTRY. If the
operation was ended due to encountering the beginning of file, the
sign of location HISTRY will be set negative, and a subsequent call
to READB2 or SKIPR will begin processing with the first logical

record of the file.

SUBROUT INE ENDF

This subroutine is used to close, or inactivate, a given file.
Subsequent references cannot be made to the file until it is re-opened

by READB1 or ABOUTI. Linkage is as follows:
CALL ENDF(F)

If file F is being written, data in the current buffer used by the
file is written out, and followed by a file mark. Note that this
may result in writing a physical data record less than 257 words,

as the buffer may only be partially filled when ENDF is called. |If
file F is being read, ENDF will cause it to become inactive. |f the

file is already inactive, the call is ignored.

The monitor automatically calls ENDF between programs for any
files which are active. |In addition, ENDF will be called by subroutines
READB1 and ABOUT! if any file is currently active on the reel they are

to use. Hence, it is frequently unnecessary for the programmer to
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employ ENDF. Exceptional circumstances might include:

a. The case in which there would otherwise be more files
active than buffers to accommodate them. A file
which is active requires the exclusive use of two buffers.
When a file becomes inactive, its buffers are returned
to a 'pool! so that they may be used by some other file.
This pool is located near the top of core storage and
normally contains twice as many buffers as there are
reels for the job. |If after loading a program, however,
the monitor discovers that it extends into the pool,
an appropriate number of buffers will be inhibited, or
made unavailable for use by active files within that
program. Hence, very large programs should call ENDF
for files which remain unnecessarily active to free the
buffers for other activity; e.g., all output files, and
partially read input files.

b. When the number of buffers to be assigned to the pool
has been specified in the REELS card series, and is less

than the standard number.

PERMISSIBLE SEQUENCES OF FILE OPERATIONS

Certain combinations of reading and writing files on a given

reel are illegal. In the table that follows, R. implies that the

current (or last) use of the reel was for inputcfrom file C, Rp

implies that the next use of the reel is to be for input from a previous
file, i.e., one physically preceding file C, and Rg implies that the
next use of the reel is to be input from a subsequent file; i.e., one
physically following file C. Similar definitions apply to W., W, and

p
Wg for output files.
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2.1.7

OPERATION POSSIBLE REMARKS

RCRP Yes Always permissible.

RcRS Yes Provided file S exists.

RcRc Yes Always permissibtle.

RCN Yes All files following P will become

P nonexistent.
R W Yes Provided that a file immediately
cs s . :

preceding file S exists.

RcwC Yes Always permissible.

chp Yes Always permissible.

chs No When file C is written, it is
considered as the last file currently
contained on the reel.

NCRC Yes Always permissible.

wcw Yes All files following P will become

P nonexistent.
WW Yes Only if file S immediately follows
cs .

file C.

wcwc Yes Always permissible.

F1LE PROCESS ING ERROR DIAGNOSTICS

When any of the file processing routines are called upon, several

checks are made to insure that the requested operation is legal. |If

for any reason an error condition is indicated, an appropriate

diagnostic is given, accompanied with a terminal dump of the program

area. The diagnostic will always include the name of the subroutine

called, the absolute octal location of the CALL, and also its internal

formula number (IFN), providing one exists.
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.70

.1.7.2

.7.4

J1.7.5

1.7.6

The error comments, together with the conditions which cause
the error are given below. Asterisks denote a quantity which will

be supplied.

CALL SPECIFIES IMPROPER NUMBER OF PARAMETERS -

The number of parameters, or arguments, supplied to subroutines
READB1, READB2, ABOUT!, ABOUT2, SKIPR, BSPR and ENDF must be 2, L, 2,
3, 3, 3 and 1, respectively.

CALL REFERENCES INACTIVE OR NONEXISTENT FILE ***¥x%,

This diagnostic is given whenever (a) the reel number R, or
the position P implied by the file number is zero, (b) R is not
specified in the REELS card series, or (c) the file was inactive when

a call was made to READBZ, ABOUTZ2, SKIPR, or BSPR.

FILE **x**x CANNOT BE OPENED DUE TO INSUFFICIENT BUFFERS.

Subroutine READBI (or ABOUTI) has discovered that there are

not two buffers available for opening the given file.

CALL INDICATES LRS = %¥* FOR FILE *¥%*%¥x,

The LRS specification given to subroutines READBI or ABOUTI is
greater than 254, or zero if the CALL was to ABOUTI.

LRS IN FILE 1D = *¥*x,

This is appended to the above diagnostic if READBI discovers
that the LRS specification given in the call differs with the LRS

contained in the identification record of the file.

CALL REFERENCES FILE PROTECTED REEL *¥xx*x*,

The reel upon which ABOUT! is to open a file has been logically

file protected and hence, cannot be written on.

o-1-13




2.1.7.7

2.1.7.8

2.1.7.9

2.1.7.10

FILE *%¥x*% |S NONEXISTENT, OR CANNOT BE ACCESSED DUE TO POSITIONING
FAILURE.

While positioning from one file to another, READBI and ABOUTI
verify the identification records of all files passed over by check-
ing the label identifier and the length of the record. Furthermore,
READB! will verify the file number in the identification record of
the desired file by comparing it with the file number given in the
CALL. A discrepancy in these compares will result in the above
diagnostic and may be due to encountering the reel trailer label while
positioning forward, or perhaps by a program still in the debug phase

which has accidently moved the recording medium.

Before the actual positioning begins, certain criteria are
inspected to determine the existency of the file. Existency can
always be predetermined if (a) any file has been previously written
on the reel within the job, or (b) the reel is mediary, or (c) the

NOLABEL option was specified in the REELS card series for the reel.

CALL SPECIFIES ILLEGAL TRANSMISSION AREA.

Whenever a call is made to READB2 or ABOUT2, the transmission
area into which data is to be read or from which data is to be written
is checked. The first word address (FWA) of this area must not be
less than the origin of the first dependent link within the job, and
FWA+NREC*LRS must not be greater than S.SEND (normally 32767).

FILE *%xxx%x |§ [N ***** STATUS.

Either a call has been made to ABOUT2 for a file which is currently
being read, or a call has been made to READB2, SKIPR, or BSPR for a

file which is being written.

EOT DETECTED ON REEL **¥¥xx,

The physical end of the recording medium has been detected by
ABOUT1, ABOUTZ2, or ENDF.
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2.1.7.11 AN 10BS ERROR (CODE **) HAS OCCURRED ON REEL *¥*xxx,

2.

1.

An error has been detected by the Input-Output Buffering
System on the specified reel. The various error codes are as
follows:

1 = Block sequence number error.
= Check sum error.
= Both block sequence and check sum errors.
= An unrecoverable read error.
= An attempt to write on an unopened output file.
Buffer overflow (writing).
= Buffer overflow (reading).
= Unexpected mode change.

= An unrecoverable write error.

O W 0O 2 0w F W P
I}

—

Incomplete word read.

THE SYSTEM REEL/FILE TABLES

As mentioned in section 2.1.1, part of the SPACE communication
nucleus consists of a named common block termed 'SYSTEM'. This
block contains tables of information used by the file processing
routines. Individual programs may also use any of this information,
however, they must never alter it in any way. An entry within any
of the eight tables bears a one-to-one correspondence with an entry
in any other table; e.g., REELS(4) and LRS(4) are related. The format
of an entry within each of the tables follow:

NTAPES - An address integer reflecting the total number
of reels specified in the 'REELS' card series.
Note that this also represents the number of
entries contained in each of the eight tables.

REELS - Each entry contains the reel number of a reel
being used in the job.

CNTRLS - Each entry reflects the options which were
exercised for the reel in the 'REELS' card

series, as follows:
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FILES

LRS

POS

TRLPOS

RWCNT

UNITS

bit S

1, if the reel is logically file

protected.

bit 1 = 1, if a reel header label had to
be created for the reel.

bit 2 = 1, if mounting was deferred.

bit 3 = 1, if unit assignment was made by
an IxxR specification.

bits 4~17 = The intersystem reservation code
associated with the unit, or zero.

bits 18-20 = The index (1, 2, etc.) of the
channel requested for the reel,
or zero.

bits 21-35 = The first word address of the 10BS

file control block assigned to the
reel. '

Contains the file number of the file currently
active on the associated reel. |If a file is not
active on the reel, this entry will be zero.
Reflects the logical record size of the last file
which was opened by READB1 or ABOUTI.

Contains the position P implied by the file number
of the last file opened by READB! or ABOUT!. If an
end of file was encountered by READB2, or written
by ENDF, the sign of the entry is set negative.
Reflects the position P implied by the file number
of the last file which was written on the associated
reel. If no files have been written on the reel
within the job, the entry contains zero.

The decrement contains a count of all files opened
by ABOUTI!, and the address contains a count of all
files opened by READBI.

Contains the symbolic units table entry of the device

to which the reel was assigned.
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2.

1.

THE BCD OUTPUT EDITOR

In addition to the file processing subroutines contained in
SPACE, the programmer has access to a fiexible BCD output routine
which is used by the monitor. With this routine, a given line can
optionally be edited, typed, and/or written on $.S0Ul. The edit-
ing process consists of eliminating superfluous blank characters
from the given prototype line image; i.e., if two or more contiguous
blanks appear in the prototype, all but one will be eliminated.

The prototype itself will not be changed. The entry point to the
subroutine is a control section termed 'OEDIT'. Note that it can

only be accessed by MAP coded programs. Linkage is as follows:

TSX OEDIT, 4
PFX PROTYP,SPCING,N
(RETURN)

!

where---PROTYP = The FWA of the prototype line image

SPCING = O for single space,

} for page restore, or

2 for double space

(Note - SPCING is ignored for type requests)
N = The number of words in the prototype line image.
PFX = Output options, as follows:

PZE - Type with edit.

PON - Type without edit.

PTW - 5.S0Ul and type with edit.

PTH - S.S0Ul and type without edit.

MZE - Edit only (at return, the AC contains
PZE NEWFWA, ,NEWN).

MON - No operation performed.

MTW ~ S.SO0Ul with edit.

MTH ~ S.S50U1 without edit.

The use of 'OEDIT' is best shown by the following example. An
integer of from 1-5 digits is to be converted to BCD, left adjusted
with trailing blanks, and stored in line image 'PROTYP'. The line

is then to be edited and written on $.S0Ul w/page restore.

D=} =17
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1.10

CLA INTGER

TSX CNVRT, k4 CONVERT NUMBER TO BCD AND
STQ PROTYP+3 PLACE IN LINE IMAGE.

TSX OEDIT,L

MTW PROTYP,1,6

PROTYP BCI 6, NETWORK CONTAINS **xx% COMPONENTS.
Suppose the number had been 29. |If the line had been written without
editing, it would have appeared as:

bNETWORKbCONTA INSb29bbbbCOMPONENTS.
The above use of OEDIT, however, would produce:
bNETWORKbCONTA INSb2ObCOMPONENTS .

The following restrictions and conventions apply to the use of OEDIT:

a. |If the argument, N, is greater than 22, it will be
reduced to 22.

b. If N is zero, the call is ignored.

c. The same prototype line may be used repeatedly.
It is never altered or changed by OEDIT.

d. The entire subroutine requires 91 locations.

RETURNING TO THE MONITOR

When a given program has finished processing, it must return
control to the monitor so that the next program, if any, can be
loaded and executed. This must be accomplished via the following
CALL:

CALL SPACE
When this call is executed, the monitor will read the next program

control card series in the job deck, if any, and take actions as

prescribed in paragraph 2.1.2.
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2.1.11

In many instances, however, some sequences of program executions
are fixed. For example, a very large program may be split into two
or more smaller programs, which must be executed successively. To
eliminate the need of preparing a control card series for each of
these programs, a 'direct chain' technique may be employed. This
enables a given program to dictate the next program to be executed,

as follows:

CALL SPACE(PROGRM)

'PROGRM' is the location of a word containing the BCD name of the
next program in line for execution. When the direct chain technique
is used, the monitor will not read the next control card series, nor
will it disturb the information contained in the HC block or location
WDCT. Machine registers including the AC, MQ, XR1, XR2, and XRL4 are
always saved when the monitor receives control, and are restored
prior to giving control to the next program. Thus, when using the
direct chain, a program could pass control parameters to the next
program through any of these registers. Note that an unrecoverable
error will result if the monitor cannot find the requested program

in the library.

A PROGRAMMING EXAMPLE

The following program could be used to delete specified logical
records from a given input file; i.e., create a new file reflecting
the deletions. To use it, the program control card series must be

prepared as follows:

Columns 1-3 of first card = 99Z (program name)

Word 1 = File number of input file.

Word 2 = File number of output file.

Word 3 = Record number of first record to be deleted.
Word 4 = Record number of second record to be deleted.
Word N = Record number of (N-2)th record to be deleted,

followed by an asterisk (*).
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For example, if the 3rd, 1Tth and 80th records of file 91006 were
to be deleted, and the desired output file number was 478001, then
the series would look like this:

992 91006 478001 3 17 80  *

Our program must not assume that the record numbers are given in an
ascending order. Therefore, they must be sorted before the editing
process begins.

$LINK 99z
$1BFTC 992
c SPACE EDITING PROGRAM - 2/18/65

COMMON/ACCESS/HC(100),WDCT, 1D(12),PROG
INTEGER HC, WDCT
DIMENS ION BUFFER(254)
CALL SORT(HC(3), wWDCT-2,1,1)
CALL READBI(HC(1),0)
CALL ABOUTI(HC(2), 10(5))
1=0
J =23
2 CALL READB2(HC(1),BUFFER(1),1,EOF)
IF (EOF .NE. 0.) GO TO |
I=1-J+3
WRITE (6,100) HC(2),I
100 FORMAT(19H099Z OUTPUT FILE IS, 19,
$1LH, AND CONTAINS, 16,9H RECORDS. )
CALL SPACE
1 1=+
IF(1 .NE. HC(J)) CALL ABOUT2(HC(2),BUFFER(1),1)
IF(1 .EQ. HC(J)) J=d4
GO TO 2
END
$ENTRY
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2.2

2.2.1

DEBUGGING FACILITIES

THE DUMP_PROGRAM

The dump is one of the most effective tools which can be used
for programming entomology; i.e., locating bugs, or errors, within
a program. The SPACE dump program differs from other programs in
the sense that it is part of the monitor itself; however, it may be

treated and used as any other program.

The control card series for the dump program must be prepared

as follows:

Columns 1-4 of first card = DUMP

Words 1-3: AI B] F

Words L4-6: A2 82 F2

1

Words (N-2)-N: Ay B F.,, followed by an asterisk (*).

N NN
3 3 3
The parameters Ai and Bi represent decimal limits of areas to be
dumped, inclusive. The relative ordering of these limits is immaterial,

and either Ai or Bi may represent the upper or lower limit. The

parameter Fi is an integer indicating the dump format desired, as

follows:
F, = 0, dump in octal (single line)
Fi = 1, dump as floating point decimal (single line)
F. = 2, dump as integer (single line)
F, = 3, dump in octal with mnemonics (double line)

The direct chain technique may also be employed to use the dump

program, as follows:

CALL SPACE(hHDUMP,A‘,B',F]...,AN,BN,FN)
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Parameters Ai’ Bi and Fi have the same definitions as before,

except that Ai and Bi may be variable names; e.g.,
CALL SPACE(4HDUMP,ARRAY(1),ARRAY(50),2)
If no parameters are supplied to the dump program in the DUMP

control card series (or the calling sequence of a direct chain), then

standard parameters will be assumed, as follows:

A] = S$.SLOC/8*8
BI = S.SEND
F‘ = 0
Following execution of the dump program, the monitor will resume

by reading the next program control card series, if any. Note that
panel information (AC, MQ, etc.) will be given for each group of three
parameters; however, only that given for the first group will reflect

the status of the registers when the dump program was called.

2.2.2 THE POST-EXECUTION FILE UTILITY PROCESSOR

As mentioned in the introduction, the utility processor is a
program residing in the library which may be considered as part of
the monitor, only in core when needed. It is executed at the end
of every job and performs the file utility requests specified in the
REELS card series, provides statistics related to the job, and handles

ail terminal housekeeping functions.

The file utility operations which may be performed are two-fold

and are as follows:

a. Dumping selected logical records within any given
file(s) onto S.SO0Ul, formatted in octal, floating
point decimal, integer, or BCD.

b. Copying any given file onto another file. [t is
possible to move a file to another position on the
same reel, provided that some other non-file protected
reel is being used in the job. A file may also be

copied to a reel which is logically file protected.
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Any request to perform a utility operation on a nonexistent .
file, or one which cannot be accessed will be identified and

otherwise ignored. It will never be treated as an error.

wWhen all file utility operations have been completed, the

following information will be provided:

a. The reel number of each reel used in the job.

b. The symbolic and physical device to which each
reel was assigned.

c. Both the number of files read and the number
of files written on each reel during the job.

d. The position of the trailer label on each reel.
Note that this reflects the number of useable
files now contained on the reel.

e. A tabular listing indicating the name and order

of all programs currently residing in the library.

The program name of the post-execution file utility processor
is "UTLITY'. In the event a program finds itself hopelessly lost,
to the point where further execution should be abandoned, the follow-

ing CALL should be executed:
CALL SPACE(EHUTLITY)

A program control card series is not required at the end of the job
deck to execute the utility processor-=-it will automatically be

called by the monitor.

ABSOLUTE BINARY PATCHING

In order to debug a new program, the programmer must create
his own library tape, incorporating his program, by employing the
COPY feature of IBJOB. To eliminate the need of recreating the
library each time a new bug is found, the programmer can make execution-
time binary patches to the appropriate program(s). This is accomplished
by prefixing the letter X to the program name in the control card

series and following the series with binary cards, punched in standard
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absolute column binary format. The last such card must be the
transfer card and is identified by having a word count of zero.
|f the transfer address is non-zero, this address will be used
as the entry point to the program; if it is zero, the standard
entry point will be used. A checksum is computed and verified
for each card unless (a) the ignore-checksum bit in column one is
punched, or (b) the checksum on the card is zero. If the computed
checksum does not agree with the card checksum, a warning message
will be typed stating the load address of the offending card. The

condition will otherwise be ignored.

An attempt to load a binary card below ‘the origin of the first
dependent link will be considered an error and will cause execution
to be terminated. This is also true if a word count is given which
exceeds 22/10, or if a BCD card is encountered before the transfer

card.

To employ the patching facility, the programmer must, of course,
know the absolute location(s) into which the patch is to be placed.
By exercising the MAP or LOGIC option on the $1BJOB control card
at copy time, he can determine the origin, or relocation factor,
of the deck or subroutine which he wishes to patch. The absolute
location of the patch can then be determined by adding this relocation
factor to the relative location given in the assembly listing. Note
that a technique of reserving a block of, say 50 cells in a program

for future patching purposes deserves some merit.

When the monitor reads a program control card series which
indicates the presence of binary cards, the following actions take

place:

a. |If the specified program is in the library, it
is loaded into core storage.
b. The binary cards are processed.

c. Control is given to the program.
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USING THE LOGIC OR MEMORY MAP

By employing the LOGIC or MAP option on the $1BJOB control card
when creating a library, the programmer is provided with facilities
for determining the absolute origin and extent of each deck or sub-
routine contained therein. The logic option specifies a detailed
storage-allocation map, while the MAP option specifies a non-detailed
storage-allocation map. |If the MAP option is used, in addition with
the LOGIC option, the former results only in producing redundant
information.

Inspecting the logic map of the main link (SPACE), the programmer
can find the absolute origin of each file processing routine. When-
ever one of these subroutines is called, the location plus one of
the call is stored in the address of the appropriate location referenced
in the logic map. Thus, in the event of an unexpected stop or error
condition (accompanied with a dump) these locations act as pointers
to the last call executed for each of the routines. The monitor

always initializes these locations between programs.

The logic and memory maps which follow reflect a library con-
figuration with SPACE as the main link, and four dependent links,
each constituting one of the programs 13I, 12I, 611 and UTLITY. It
should be noted that the utility program is the last link in the
sample library. |If this were not the case, it might have to be passed
over several times in the course of accessing the other programs, thus

causing an unnecessary waste of tape passing time.
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SPACE LIBRARY - VER. 2, MOC. 1 IBLDOR -~ 408 SPACE

LeG1c M AP
FOR MAIN LINK
REAL SECTION *S.S5L0C* - ASSIGNED ABSOLUTE ORIGIN 12253,

DECK ' SpPC * ASSIGNED ABSCLUTE ORIGIN 12352. ADJUSTED LENGTH IS Q4427.
VIRTUAL SECTION *¢S,BSR * - REFERS T(O DECK *IBNUC ', LOGCATION oc172.
VIRTUAL SECTION *S.CLSE® REFERS TGO DECK *IBNUC *, LOCATIGN Go170.
VIRTUAL SECTION *S.FBIN* -~ REFERS TO DECK *INSYFB*', LOCATICN 12261.
VIRTUAL SECTIOGN *S.FBOU* ~ REFERS TO DECK '0OUSYFB*, L OCATION 12304.
VIRTUAL SECTYION *S.FBPP* - REFERS TO DECK *PPSYFB', LOCATION 12327.
VIRTUAL SECTION *S.GETB*' - REFERS TO DECK *IBNUC LOCATION 0Clé64.
VIRTUAL SECTION *S.GETL' - REFERS TG DECK *IBNUC LACATIOGN Gol63.
VIRTUAL SECTION *S.T10CP* - REFERS TO DECK *IBNUC LOCATION 0C157.
VIRTUAL SECTION *S.JUNAM'* — REFERS TG DECK *IBNUC LAOCATION cc31l.
VIRTUAL SECTION *S.JXIT* - REFERS TO DECK *PQASTX LACATICN 17040.
VIRTUAL SECTION *'S,OPEN' - RCFERS TA DECK *IBNUC LOCATION 0Clé6l.
VIRTUAL SECTION *S.PUTBE* - REFERS TO DECK *IBNUC LOCATIOGN COl66.
VIRTUAL SECTIOGN *S,PUTL' - REFERS TO DECK *IBNUC LOGCATION 00165.
VIRTUAL SECTION *S.SAVE' - REFERS TO DECK *IRNUC LOCATIOGN 0C250.
VIRTUAL SECTION *S,SCCR* - REFERS TO DECK *IBNUC LOCATION 00143,
VIRTUAL SECTION *S,SCCI* - REFERS TG DECK *'IBNUC LACATION 00266.
VIRTUAL SECTION *S.SDAT®' — REFERS TG DECK *IBNUC LOCATIGN cc213.
VIRTUAL SECTION *S.SEND' - REFERS TQO DECK *IBNUC LOCATIGN 11777,
VIRTUAL SECTIOGN *S.SLCR* - REFERS TO DECK *IBNUC LOGCATION CC135.
VIRTUAL SECTION *S.SLOC' - ASSIGNED ABSOLUTE ORIG 12253,

VIRTUAL SECTICON *S.SLTC' -~ REFERS TO DECK *IBNUC LOGCATION 0C210.
VIRTUAL SECTION *S.SUQO* - RCFERS TO DECK *IBNUC LOGCATION 0C337.
VIRTUAL SECTION *S.SUNI' - REFERS TGO DECK *IBNUC LACATIOGN 0C207.
VIRTUAL SECTION *S.XACT' - REFERS TO DECK *IBNUC LOCATION 00145.
VIRTUAL SECTION *S.XCVA' - REFERS TG DECK *IBNUC LACATION CCl153.
VIRTUAL SECTION *S.XDVD' - REFERS TO DECK *IBNUC LOGCATION 0Cl154.
VIRTUAL SECTION *S.XUVA* — REFERS TO GECK *IBNUC LOCATION COo151.
VIRTUAL SECTION ¢S, XPRT* - REFERS TO DECK *IBNUC LOCATION 00147,
VIRTUAL SECTION *S.XPSE* - REFERS TO DECK *'IBNUC LOCATIGN 0C150.
VIRTUAL SECTION *S.XSNS' - REFERS TGO DECK *IBNUC LCCATION 0c3cce.
VIRTUAL SECTION *POUMP * - REFERS TO DECK *'DMP LOCATION 20731.
VIRTUAL SECTION *REACHP!' - REFERS TO DECK ‘*RDH44 LOCATICN 22606.
VIRTUAL SECTION *SCAN ' - REFERS TQ@ DECK 'RDH44 ', LOCATION 231C0.

- @ ® ® & & @ & 8 o B @ rm 6 B 4 & 8 e & & & o o e a =
e % @ ® e w w w e 9 e e Te w w e w e e W oW e e e w e ow e

REAL SECTION * SIGNCN' — ASSIGNED ABSOLUTE OGRIGIN 12352.
RCAL SECTION ¢SPACE * - ASSIGNED ABSOLUTE ORIGIN 13533,
REAL SECTION *READBL' - ASSIGNED ABSOLUTE ORIGIN 14242.
REAL SECTION *READB2' - ASSIGNED ABSOLUTE ORIGIN 14246.
REAL SECTIOGN *ABOUTLY - ASSIGNED ABRSOLUTE CORIGIN 14252.
REAL SECTION "ABOUT2* - ASSIGNED ABSOLUTE ORIGIN 14256.
RFAL SECTION ¢SKIPR ¢ - ASSIGNED ABSOLUTE ORIGIN 14262,
REAL SECTION *BSPR ' -~ ASSIGNED ABSOLUTE ORIGIN 14266.
REAL SECTION YENDF ' - ASSIGNED ABSOLUTE GRIGIN 14272.
REAL SECTIGN *OEDIT * - ASSIGNED ABSOLUTE GRIGIN 15344.
REAL SECTION ¢SYSTEM® ~ ASSIGNED ABSOLUTE GRIGIN 16476.
REAL SFCTIGN *ACCESS® -~ ASSIGNED ABSOLUTE ORIGIN 16617,

DECK *DSSCAN' ASSIGNED ABSOLUTE ORIGIN 17001. ADJUSTED LENGTH IS CC037.
VIRTUAL SECTION *SCAN ¢ - REFERS TO DECK *RDH44 ¢, LOCATION 231C0.
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SPACE LIBRARY - VER. 2,
VIRTUAL SECTION *'S.SLCC®
REAL SECTION *DSSCANY
*IBNUC * ASSIGNED ABSCLUTE
REAL SECTION *S.SUTL?
REAL SECTION *S.SLCR
REAL SECTION 1S.SRPTE
RFAL SECTION $S.SDMPe
REAL SECTION 1S.SRUP
REAL SECTIONW tS.SRET?®
REAL SECTION ¢S SRSTY
REAL SECTION S, SCCRY
REAL SECTION *S.SICRY
RCAL SECTION TSUXACT
REAL SECTION t5.XDAC
REAL SECTION 15, XPRT?
RFAL SECTION * S, XPSE?®
RFAL SECTIGN 1S XIVAY
REAL SECTION 'S XIVD®
REAL SECTION CS.XDVAS
RFAL SECTION 'S XDVDY
RFAL SECTION 1S XUCYY
RFAL SECTIGN *SLSCKTY
REAL SECTION *S.100P"
REAL SECTION *S.10LS?
RFAL SECTION 1S.SCBLY
REAL SECTION 1S ,BPENY
RFAL SECTION *S.OPNL®
REAL SECTION *S.GETLY
REAL SECTION 'S.GETRY
REAL SECTION CS.PUTL
REAL SECTION 'S, PUTRY
REAL SECTION *S.PLECY
REAL SECTIGN *S.CLSE?
REAL SFCTIGN *S.CLSL®
RFAL SECTIGN 'S.RSR
REAL SECTION VS.WEF o
REAL SECTION TS ROW
REAL SECTION *S . FCOR®
REAL SECTIGN Y5, CKPT?
REAL SECTION 1S.SLVL
REAL SECTION 15.SCAR
REAL SECTIOGN S, SCSK
REAL SECTIAN 1S.SPNC*
REAL SECTIOGN 1S.SCMXY
REAL SECTION 1S.SPER?
REAL STCTION 'S SURCY
REAL SECTION 1S,.55BC
REAL SECTION *S.SUNT®
RFAL SECTIOGN *S.SLTCY
REAL SECTION *S.SRCCY
REAL SECTIGON 1S BSLAY
REAL SFCTIGN 1S.SDATY
RFAL SFECTION *S.SCLK?
REAL SECTION *5.5CIS?

MOC. 1

[BLDR -~ JOR

ASSIGNED ARSOLUYE ORIGIN 12253.
ASSIGNED ABSOLUTE ORIGIN 17007.

ORIGIN 00000.

ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSTGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSQOLUTE
ABRSOGLUTE
ABSOLUTE
ABSOLUTE
ABSTLUTE
ABRSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSCOLUTE
ARSOLUTE
ABSULUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSTOLUTE
ABSOLUTE
ABSQOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTC
ABSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSGLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE

ORIGIN
GRIGIN
GRIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
GRIGIN
GRIGIN
ORIGIN
GRIGIN
GRIGIN
ORIGIN
ORIGIN
ORIGIN
URIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
GRIGIN
GRIGIN
GRIGIN
GRIGIN
GRIGIN
GRIGIN
GRIGIN
ORIGIN
GRIGIN
ORIGIN
GRIGIN
URIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
GRIGIN
GRIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN

ABSOLUTE DECK.

00032.
00135,
00136.
col137v.
00140.
0Cl4l.
00142.
00143.
00144.
00145,
00146.
00147,
00159.
00151.
00152.
00153,
00154.
C0155.
00156.
co1ls57.
00160.
C0160.
00161.
00162,
00163.
00164.
00165.
00166.
col67.
C0170.
00171,
00172.
00173.
CO174.
00175.
Co176.
00177.
00200.
00201.
00202.
00203.
00204.
00205.
00206.
00207.
00210.
00211.
00212.
00213.
00215.
00216.

SPACE
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REAL
RFAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RFAL
REAL
RFAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RFAL
REAL
RFAL
REAL
RFEAL
REAL
REAL
REAL
REAL
REAL
RFAL
REAL
RFEAL
RFAL
REAL
REAL
RTAL
REAL
REAL

SECTION
SECTION
SECTION
SECTION
SECTION
SCCTION
SECTION
SECTION
SCCTION
SECTION
SECTIOGN
SECTION
SECTION
SECTION
SECTIUN
SECTION
SECTION
SECTION
SECTION
SECTIUN
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTICON
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SCCTION
SECTION
SECTION

'S.SOEX!
*S.ucsL?
*S.SCUR?
'S.SFAZ!
fS.SSwIT
YSOSFELG?
'*S.SAVE?
*s.scotre
*S.PGCT!
* S.SHCR?!
*S.SSCH!
*S.SSNS?
*S.XTCT?
! S XSNS?
*S.xLTPt
? S XSCH!
*S.XTPS?
*S.XCPS!
PS.NAPT!
*S.SFBL!
'SJUNAMe
*SJTAUN®
*S.OAUN?
*S.LOUN!
*S.EDUN!
*S.SRUS!
*S.SPRP!
*S.SYCV!
*S.SYCW!
*S.SyCx!
*S.SYCY!
*S.SyCcz!
'S.SYFS!
*S.5LeLe
*5.5L82
'S.SINLY
*S.SIN2!
*S.s0Ul!
*S.S0u2!
'S.SPp1
'S.S5Pp2!
*S.SCKL!
'S.s5u00?
*S.SU01!
*S.S5U02"
'S.5U03
'S.SUQ4
*S.SuUQs!
*S.5UQ6
*S.SuUoT
*sS.s5u08!*
*S.5U09°
*S.5u10°
*S.SUL1!Y
*S.Sul2

MOC. 1

ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNEC
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSQOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSQOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSCOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE

IBLDR ~- J08

GRIGIN
GRIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN
BRIGIN
OR1GIN
GRIGIN
ARIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
GRIGIN
GRIGIN
ORIGIN
ORIGIN
ORIGIN
OGRIGIN
OGRIGIN
ORIGIN
GRIGIN
OGRIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
GRIGIN
GRIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN
ARIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN
ORIGIN
OGRIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
GRIGIN

00217.
00220.
00221.
00222.
00223.
00224,
00250.
00266.
00267.
00270.
0027s.
00276,
00277,
00300.
00302.
00303,
00304.
00305.
00306.
co0307.
00311.
00312.
00313,
00314,
00315.
00316.
co317.
00320.
00321.
00322.
00323.
00324,
001325,
00326,
00327.
0G330C.
00331.
00332.
00333,
00334,
00335,
00336.
00337,
00340.
00341.
00342.
00343,
00344,
00345,
00346.
00347.
00350.
00351.
00352.
00353.

SPACE
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REAL SECTION *S.SUL3Y = ASSIGNEO ARSOLUTE ORIGIN 00354.
REAL SECTION *S.SUL4' - ASSIGNED ABSOLUTE ORIGIN 00355.
REAL SFCTION $S.SULS' - ASSIGNED ABSCLUTE ORIGIN 00356.
REAL SECTION 'S.SUl6! - ASSIGNED ABRSOLUTE ORIGIN 00357,
REAL SECTION *S.SUTTY ~ ASSIGNED ABSCLUTE QRIGIN 00360.
REAL SECTIOGN *S.UCBT* - ASSIGNED ABSOLUTE GRIGIN 00600.
RFAL SECTION *S.SCBT* - ASSIGNED ABSCLUTE ORIGIN 00760.
REAL SECTION *S.SDMAY — ASSIGNED ABSOLUTE GRIGIN 0Ol643.
REAL SECTION *IROMP * - ASSIGNED ABSOLUTE OGRIGIN 01653,
RFAL SECTION *S.SORGY - ASSIGNED ABSOLUTE GRIGIN 03000.
REAL SECTIGN *S.LS01' - ASSIGNED ABSOLUTE ORIGIN 06401.
REAL SECTION *S.LRS1* - ASSIGNED ABSOLUTE ORIGIN 06433,
REAL SECTION YS.LRS2' - ASSIGNED ABRSOLUTE ORIGIN 06440.
RFAL SECTION *S.LRS3* -~ ASSIGNED ABSCOLUTE ORIGIN 06441,
RFAL SECTION YS.LFEL® - ASSIGNED ARSOLUTE ORIGIN 06445,
REAL SECTION *SJLFE2Y - ASSIGNED ABSOLUTE ORIGIN 06452.
REAL SECTIOGN 'SLLEXTY - ASSIGNED ABSCLUTE ORIGIN 06500.
REAL SECTIOGN *S.LVI1Y - ASSIGNED ABSOLUTE ORIGIN 06514,
RIFAL SECTION 'S.LWE3Y - ASSIGNED ABSOLUTE ARIGIN 06573,
REAL SECTION *S.LRH4Y - ASSIGNED ABRSOLUTE ORIGIN 06661.
REAL SECTION *S.LST4Y - ASSIGNED ABSOLUTE ORIGIN 07050.
REAL SECTION *S.LVRRY = ASSISGNED ABSOGLUTE GRIGIN 07343,
REAL SECTION *S.LERRY - ASSIGNED ABSOLUTE GRIGIN 07405.
REAL SECTION 'S.SPLOY - ASSIGNED ABSOLUTE ORIGIN 10000.
REAL SECTION *S.SP2CY - ASSIGNED ABRSOLUTE ORIGIN 10000.
RCAL SECTION *SLLVLNY - ASSIGNED ABSOLUYTE ORIGIN 10000.
REAL SECTION P S.LXRSY ~ ASSIGNED ARSULUTE ORIGIN 10044.
REAL SECTION *S.SLNC' - ASSIGNED ABSOLUTE GRIGIN 10074.
REAL SECTION 'S.BOMPY - ASSIGNED ABSJLUTE ORIGIN 12126.
RFAL SECTION *S.SSND* - ASSIGNED ABSOLUTE ORIGIN 12253,
REAL SECTION 'S.SEND' ~ ASSIGNED ABSOLUTE GRIGIN 77777.

DECK * INSYFR' ASSIGNED ABSOLUTE ORIGIN 00000. ADJUSTED LENGTH IS CCOCO.
FILE 'S.FEBINY - ASSIGNED ABSOLUTE ORIGIN 12261.

DECK ' CUSYFR' ASSIGNED ABSCLUTE ORIGIN 00000. ADJUSTED LENGTH IS GCOCO.
FILE *S.FROUY - ASSIGNED ABSOLUTE ORIGIN 12304.

DECK *POSTX ' ASSIGNED ARSCLUTE ORIGIN 17040. ADJUSTED LENGTH IS 0Cll2.
VIRTUAL SECTIAN *S.SRET! - REFERS TO DECK *IBNUC *, LOCATION 00t4l.
VIRTUAL SECTION ¢S.SCUR* - REFERS T DECK 'IBNUC *, LOCATION 0C221.
VIRTUAL SECTION *S.SLOC* - ASSIGNED ABSOLUTE ORIGIN 12253.

VIRTUAL SECTION *S.CLSE* - REFERS TO DECK *'IBNUC *, LOCATION 0CL70.
VIRTUAL SECTION *S.SCCR' - REFERS TO DECK *IANUC *, LOCATION 00143.
VIRTUAL SECTION *S.SIN1' - REFERS TO DECK *IBNUC *, LOCATION 0C330.
VIRTUAL SECTION *S.SSwI' - REFERS TO DECK 'IBNUC ', LOCATION 00223.
VIRTUAL SECTION *S.SOUL' - REFERS TG DECK *IBNUC *, LOCATICN 0C332.
VIRTUAL SECTION *S.SICR* - REFERS TO DECK *IRNUC *, LCOCATION 00144,
VIRTUAL SECTION *S,SPP1' -~ REFERS TO DECK *IRNUC *,
REAL SECTION PSLIXTY IN

LGCATION 0C334.
17040.

1

ASSIGNED ARSOLUTE ORIG

DECW 'PPSYFB* ASSIGNED ARSCLUTE ORIGIN 00000. ADJUSTED LENGTH IS CCOCO.
FILE 'S.FRPPY - ASSIGNED ABSOLUTE QRIGIN 12327.

DECK 'FO05 * ASSIGNED ARSCLUTE ORIGIN 17152. ADJUSTED LENGTH IS CCOCl.
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DECK

DECK

DECK

SPACE LIBRARY - VER. 2,

VIRTUAL SECTIOCON

REAL
*FO6
REAL

' 105

RTAL
REAL
REAL
RCAL
REAL
RTAL
REAL
RECAL

' RWD

RFAL
RTAL
RFAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
RFAL
REAL
REAL

SECTION

CS.FRIN®
'FILOS.!

¢ ASSIGNED ABSOLUTE
VIRTUAL SECTION

SECTIGN

*S.FBCU"
‘FILO6.!

' ASSIGNED ABSOLUTE
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTIGON
VIRTUAL SECTION
VIRTUAL SECTIOCN
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTIUN
SECTION

CEEXEMLY
IEXIT 1,
'S.FRQU
*S.SINLY
'S.SPRPY
*S.SCCI*
*S.PUTL!
*S.SCCRY
fS.CLSee
'S.OPEN'
*S.SPPL!Y
tS.pPLAC!
*S.S0UL"
'S.SAVE!
rrasupLe
'CKEND.!
*SYSOU.L !

'

L}

*RERRX.
*REGFX."
*RE(RX,
*I10CEL.

' ASSIGNED ABSOLUTE
VIRTUAL SECTIOGN
VIRTUAL SECTION
VIRTUAL SECTIGN
VIRTUAL SECTION
VIRTUAL SECTIOGN
VIRTUAL SECTION
VIRTUAL SECTIGN
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION

SECTION
SECTION
SECTION
SECTIGN
SECTION
SECTION
SFCTION
SECTION
SFCTION
SECTION
SECTIGN
SECTION
SECTION

¢ CRLOC.?
tIosur.!
*CKENC.
CFEXEM.!
*10CEL.!
'S.GETL!
*S.PUTL!
*S.GETR!
*S.pPLOC!
*S.OPEN?
*TSHIG.®
*STHIO.!

MOC. 1

REFERS TO

ORIGIN 17
REFERS TO

ORIGIN 17
REFERS T4
REFERS TO
REFERS TO
REFERS T0O
REFERS T0
REFERS T40
REFERS TO
REFERS TO
REFERS T4
REFERS T0
REFERS TQ
REFERS TO
REFERS T4
REFERS T0
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

ORIGIN 17
REFERS TO
REFERS TO
REFERS T0
REFERS T0O
REFERS T0O
REFERS TQ
REFERS TO
REFERS TO
REFERS TQ
REFERS TG
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

IBLODR -~ J0B

DECK 'INSYFB',
ASSIGNED ABSOLUTE GRIGIN 17152.

LGCATION

SPACE

12261.

153. ADJUSTED LENGTH [S 00001.
DECK *OUSYFB®,
ASSIGNED ABSOLUTE ORIGIN 17153,

LOCATION

154. ADJUSTED LENGTH IS

DECK 'XEM  *
DECK *XIT ¢
DECK 'OUSYFR?
DECK *IBNUC '
DECK ¢ IBNUC
DCCK *IBNUC
DECK *IBNUC
DECK *IBNUC
DECK ' IBNUC
DECK *IBNUC
DECK *IBNUC
DECK *1BNUC
DECK ' IBNUC

*® @ & @8 e e & e
.- @ % W e w e w e e e e =

DECK *IBNUC ¢,

ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSOLUTE
ABSQALUTE
ABSOLUTE
ABSOLUTE

ORIGIN
ORIGIN
ORIGIN
ORIGIN
ORIGIN
GRIGIN
ORIGIN
ORIGIN

LOCATION
LOCATION
LOCATION
LOCATION
LOGCATION
LACATION
LOCATION
LOCATION
LOCATION
LACATION
LOCATION
LOCATION
LOCATION
LOCATION
17154,
17257.
17301.
17334,
17372.
17402,
17410.
17430.

452. ADJUSTED LENGTH IS

DECK 'XEM ¢
DECK *I0S
DECK *10S
DECK *XEM
DECK *'T10S
DECK *18NUC
DECK *[RNUC
DECK *IBNUC
DECK *IBNUC

- @ « ® & O = -
P . L

DECK *IBNUC *,

ABSOLUTE
ABSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE
ARSOLUTE
ABSILUTE
ARSOLUTE
ABSOLUTE
ARSOLUTE
ABSOLUTE

ORIGIN
ORIGIN
GRIGIN
GRIGIN
GRIGIN
ORIGIN
GRIGIN
GRIGIN
ORIGIN
ORIGIN
GRIGIN
GRIGIN
GRIGIN

LOCATION
LOCATION
LOGCATION

LOCATICN

LOCATION
LOCATION
LGCATION
LGCATION
LOCATION
LOCATION
17452,
17472.
17537.
17570.
17573.
17614.
17615.
17625.
17646.
17665.
17677.
17702.
20021.

12304.

co27s.
20473.
20700.

12304,

00330,
00317.
00266,
00165.
00143,
oo170.
00161.
00334,
o0lé67.
0c332.
00250.

00531.
20472,
17154.
17257.
20473,
17430,
0Cl63.
001€5.
OClé64.
0Cl67.
0Cle6l.
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DECK

DECK

DECK

DECK

SPACE LIBRARY - VER. 2, MOC. 1

RFAL SECTION *CCa. ' -
REAL SECTION 'CCQ. Y -
REAL SECTION tBUl. ' -
RFAL SECTION *BUs. -
RFAL SECTION 18U10. v -
REAL SECTION YA22. Y -
REAL SECTION 'DE6O. Y -
REAL SECTION ‘DETO0. * -
RCAL SECTION *XC. ' -
REAL SECTION tFILIg.' -
RFAL SECTION YRINIC.Y =
REAL SECTION 'GETCH.' -
RFAL SECTION *GETC3.' -~
REAL SECTION *GETC. ' -
REAL SECTION *CVCFL.Y -

' ACY ' ASSIGNED ABSCLUTE
VIRTUAL SECTIGN *BUL. ' =~
VIRTUAL SECTION *RUL0. * -~
VIRTUAL SECTION *'CCA.
VIRTUAL SECYION *GETCH.
VIRTUAL SECTION *HCT.
VIRTUAL SECTION *SC.
VIRTUAL SECTICGN *XC.
VIRTUAL SECTION *CVCEL.
VIRTUAL SECTIGN *TICHCM,
VIRTUAL SECTION *10CEL.
REAL SECTION * TOHAC.

e @ @ @ uw ® = @ =
[

' XCV * ASSIGNED ABSCLUTE
VIRTUAL SECTION *CCQ. * -
VIRTUAL SECTICN 'GETCH.!
VIRTUAL SECTION *HCT., !
VIRTUAL SECTION *SC. '
VIRTUAL SECTION *XC. '
VIRTUAL SECTION *IOHCT.' -~
VIRTUAL SECTION 'TOCEL.?
VIRTUAL SECTION *CVvCEL."
RFEAL SECTION ¢ TOHXC.!

‘FPT ' ASSIGNED ABSOLUTE
VIRTUAL SECTIOGN *SYSCU.* -
VIRTUAL SECTION *ERLOC.' -
VIRTUAL SECTION *FEXEM.*
VIRTUAL SECTION *EXIT ¢ -
VIRTUAL SECTION *'S.X0VA* -
VIRTUAL SECTIGN *S.SDAT' -
VIRTUAL SECTION *S.SCCR* -

ReEAL SECTION YSEYFP,' -
REAL SECTION *GGDATLY -~
RZAL SECTION *GGDATEY -
RCAL SECTION *OVERF.Y -

*XEM * ASSIGNED ABSCLUTE
VIRTUAL SECTIGN *SYSOU.* -

ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

ORIGIN
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS

ASSIGNED ABSOLUTE ORIG

GRIGIN
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFLRS
REFERS

ASSIGNED ARSOLUTE ORIG

ORIGIN
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS

20
TG
TO
T0
T3
T0
TGQ
T
TG0
Ta
Ta

20
Ta
TGO
TG
TO
T0
Te
TC
T0

20

T0Q

ASSIGNED
ASSIGNED
ASSIGNED
ASSIGNED

IBLDR -- yOB

ABSALUTE ORIGIN
ABSOLUTE ORIGIN
ABSOLUTE GRIGIN
ABSOLUTE ORIGIN
ABSOGLUTE ORIGIN
ABSOLUTE ORIGIN
ABSOLUTE ORIGIN
ABSOGLUTE ORIGIN
ABSGLUTE ORIGIN
ABSAOLUTE GRIGIN
ABSOLUTE ORIGIN
ABSOLUTE CRIGIN
ABSALUTE ORIGIN
ABSOLUTE ORIGIN
ABSOLUTE ORIGIN

203.
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

233.
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

251.
DECK
DECK
DECK
DECK
DECK
DECK
DECK

-'RWD

20027.
20031.
20037.
20044.
20047.
20053,
20077.
20100,
20110.
20141.
20144,
20151.
20152,
20163,
20165.

SPACE

ADJUSTED LENGTH IS 0CO30.

‘RWD
"RWD
'RiWD
‘RwD
"RWD
‘RWD
*RWD
*RWD
‘RWD
"10S

[
'
v
'
'
’
'
'
'
’

N

. & & & ®w e & & & a

LOCATION
LOCATION
LOCATION
LACATIGON
LOCATION
LOCATION
LOCATION
LOCATIGN
LOCATION
LOCATION
20203,

ADJUSTED LENGTH IS

‘RuWD '
*RwWD
fRWD
*RWD

r1os

'
'
'
'
'
'
'
*RWD '
N

L]
1
L]
,
'‘RWD
L]
L}
1

LOCATION
LOCATION
LOCATIGN
LOCATION
LOCATION
LOCATION
LOCATI[ON
LGCATION
20233,

ADJUSTED LENGTH IS

*10S '
'XEM

*IBNUC ¢,

ABSOLUTE ORIGIN
ABSOLUTE QORIGIN
ABSOLUTE ORIGIN
ABSOLUTE ORIGIN

ORIGIN 20467.
REFERS TO DECK

LOCATION
LOGCATION
LOCATION
LOGCATIGN
LGCATION
LOCATION
LGCATION
20251.
20300.
20301.
20453,

ADJUSTED LENGTH IS

'1as ',

LBCATION

20037.
20047,
2C027.
2Q0151.
17614,
20021.
20110.
20165.
17537,
17430,

CCOl6.
20031.
20151.
17614.
20021.
20110.
17615.
17430.
20165,

CcC216.
17301.
20472,
20473,
20700.
00151.
00213.
0Q143.

ccall.
17301.
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DECK

DECK

DECK

SPACE

00154.
00137,
00151.
17040,
0Q1513.

LOCATIGN

17040.

17301.
20700.
00151.
00200.

Cl440.
17152.
17153.
20141.
17573,
20203.
17665,
17702.
202313,
20144,
20251.
17472.
17452.

17040.
C0l43,

SPACE LIBRARY - VER. 2, M0OD. 1 IBLDR -- JOB
VIRTUAL SECTION *S.XDVD' - REFERS TG DECK *IBNUC ', LOCATION
VIRTUAL SECTION *S.SDMP' - REFERS TO DECK *IBNUC *, LOCATION
VIRTUAL SECTIOGN *S.XOVA' - REFERS TG DECK 'IBNUC ', LOCATION
VIRTUAL SECTION *S.JXIT* - REFERS TO DECK 'pPASTX *, LOGCATION
VIRTUAL SECTION *S.XODVA* - REFERS TO DECK *IBNUC *, LOCATION
REAL SECTION YERROUL® = ASSIGNED ABSOLUTE ORIGIN 20470.
REAL SECTION YERLOC.' - ASSIGNED ABSOLUTE ORIGIN 20472.
RTAL SECTIGN *FEXEM,* - ASSIGNED ABSOILUTE ORIGIN 20473,
REAL SECTION 'MATOP.' -~ ASSIGNED ABSOLUTE GRIGIN 20674.
REAL SECTION 'SYSOP.Y ~ ASSIGNED ABSOLUTE GRIGIN 20675.
RFEAL SFCTION *T0CEL.' - DELETED. REFERS TO DECK 'I0S '
*XIT ' ASSIGNED ARSOLUTE ORIGIN 20700. ADJUSTED LENGTH IS €COC2.
VIRTUAL SECTION *S.JUXIT* - REFERS TQO DECK *'POSTX *, LOCATION
REAL SECTION YEXIT ' - ASSIGNED ABSOLUTE ORIGIN 20700.

! DMp ¢ ASSIGNED ABSOLUTE ORIGIN 20702. ADJUSTED LENGTH IS Q1670.
VIRTUAL SECTION *SYS3JuU.* - REFERS TO DECK 'IO0S 'y LOCATION
VIRTUAL SECTION *EXIT * - REFERS 1O DECK 'XIT *y LOCATION
VIRTUAL SECTION *S.X3vA* — REFERS TO DECK *IBNUC ', LOCATIOGN
VIRTUAL SECTION *S.SCOR* - REFERS TO DECK *IBNUC ', LOCATION
VIRTUAL SECTION *S.SLOC* - ASSIGNED ABSOLUTE CORIGIN 12253,
REAL SECTIGN *ouUMP ¢ - ASSIGNED ABSOLUTE ORIGIN 20710.
REAL SECTION *PDUMP * = ASSIGNED ABSOLUTE OGRIGIN 20731.
*RDH44 ' ASSIGNED ABSCLUTE ORIGIN 22572. ADJUSTED LENGTH IS
VIRTUAL SECTION *FILO5.' - REFERS TO DECK *FO5 'y LOCATION
VIRTUAL SECTION *FILO6.' - REFERS TO DECK 'F06 *y LOCATION
VIRTUAL SECTION *FILIC.*' - REFERS TO DECK *RWD *y LOCATION
VIRTUAL SECTIGN 'HNLIQ.* - REFERS T3 DCCK *RWD ¢, LOCATION
VIRTUAL SECTION *ICHAC.' - REFERS TO DECK 'ACV *y LOCATICN
VIRTUAL SECTION *IJUHEF,* - REFERS TO DECK 'RWD *y LOCATION
VIRTUAL SECTION *ICHIO.' - REFERS TO DECK ‘RWD *y LOCATION
VIRTUAL SECTION *I0HXC.' - REFERS TO DECK *'*XCV 'y LOCATION
VIRTUAL SECTION *RTNIG.? - REFERS TO DECK *RWD 'y LOCATION
VIRTUAL SECTION *SETFP.' - REFERS TO DECK *FPT *y LOCATION
VIRTUAL SECTION *STHIO.' - REFERS TO DECK *RWD 'y LGCATION
VIRTUAL SECTION *TSHIOG.' - REFERS TO DECK *RWD *y LOCATION
VIRTUAL SECTION *S,.SLOC*' - ASSIGNED ABSCGLUTE ORIGIN 12253,
VIRTUAL SECTIGN *S,.JXIT* - REFERS TO DECK 'POSTX ¢, LOCATION
VIRTUAL SECTION *S.SCCR* - REFERS TO DECK *IBNUC *, LOCATION
REAL SECTION *READH * - ASSIGNED ABSOLUTE ORIGIN 22572.
REAL SECTION *READHR' - ASSIGNED ABSOLUTE ORIGIN 22601.
REAL SECTION 'READHP* - ASSIGNED ABSOLUTE ORIGIN 22606.
REAL SECTION '8CD * - ASSIGNED ABSOLUTE ORIGIN 22760.
REAL SECTION YACDT * - ASSIGNED ABSOLUTE ORIGIN 22767.
REAL SECTION *BCDP ¢ - ASSIGNED ABSOLUTE GRIGIN 22775.
RFAL SECTION YSCAN ' ~ ASSIGNED ARSOLUTE ORIGIN 23100.
RFAL SECTION SRCHREE®' - ASSIGNED ABSOLUTE CRIGIN 24214.

17430.
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SPACE LIBRARY - VER. 2, MOD. 1

MEMORY

FOR MAIN LINK

SYSTEM, INCLUDING 10CS

FILE BLOCK ORIGIN

NUMBER OF FILES - 3
l. S.FBIN
2. S.FBCU
3. S.FBePp

GBJECT PROGRAM

1. DECK *#SPC ¢
2. DECK *DSSCAN?
3, SURR *INSYFB!
4. SURR *OUSYFB®
S. SUBR *PASTX *
6. SURR *PPSYFRB*
7. SURR *'FO5 ¢
8. SUBR *FO06
9. SUBR *13S

10. SURR ¢RWC

11. SUBR *ACV

12. SURR #XxCV

13. SUBR ¢FPT

14. SURR *XEM

15. SUBR *XIT
16. SURR *DMP

17. SUBR *RDH&44

{# - INSERTIONS OR DELETIONS MADE
INPUT - CUTPUT BUFFERS

UNUSED CORE

M A

12261
12304
12327

12352
17001
00000
00000
17040
00000
17152
17153
17154
17452
20203
20233
20251
20467
20700
20702
22572

IN THIS CECK)

IBLDOR -- J0O8B

00000 THRU

12261

12352 THRU

76157 THRU

24232 THRU

SPACE

12252

24231

171776

T6147
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DECK

SPACE LIBRARY - VER. 2,

FOR DECKS OF LINK NUMBRER

RFEAL SECTION

"3t !
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

MOD. 1

Lt ocGcIC M A

's.S5L0C

ASS IGNED ABSGLUTE

SECTION
SECTION
SECTIGN
SECTION
SECTIGCN
SECTIGN
SECTION
SECTION
SECTION
SECTION

REAL SECTION

*ABOUTL?
tABOUT2?
VENDF
'READBL!
YREADB2!
TSKIPR ¢
*OEDIT
*SPACE ¢
*S.SDAT!
'S.XDVaA?
*ACCESS®

ly € 131

P

)

IBLDR -- J0OB

ASSIGNED ABSOLUTE ORIGIN 12253.

GRIGIN
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS

24232.

Ta
TO

DELETED.

DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

REFERS 70 DECK

SPACE

ADJUSTED LENGTH IS 37553.

'SPC
*SPC
'SPC
*SPC
OSPC
*SPC
*SPC
'SPC
Y 18NUC
'*I18NUC ¢

> ® @ b b oo e

'
'
?
’
?
L
\J
’
?
L

LGCATIGN
LOCATION
LOCATION
LGCATION
LGCATIGN
LOCATION
LOCATION
LGCATION
LOCATION

LOCATIGON
lspc L}

14252,
14256.
14272,
14242,
14246,
14262.
15344.
13533,
0g213.
00153,
LOCATION

16617,
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SPACE LIBRARY - VER. 2, MOD. 1

SYSTEM

MEMORY

OF LINK NUMBER
GRIGIN GF THIS LINK AT DECK *13I

v INCLUDING 10CS

NUMBER OF FILES -

ORJECT PROGRAM

1
2
3
4
5
6
T
8
9
10
11
12
13
14
15
16
17
18

(=
INPUT

UNUSED

- INSERTIONS OR DELETIONS MADE

rspc 0
*DSSCAN?
* INSYFR!
*OUSYFR?
*POSTX ¢
*PPSYFRY
'FO5 !
*FO6
'10s
*RWE
¢ ACV
XCV
tFPT
*XEM
*XIT
*DMP
*RDH44
1131

e ® % @ % & @ o o & =

~ OUTPUT BUFFERS

. DECK
. DECK
.« SUBR
. SUBR
. SUBR
. SUBR
.« SURR
. SUBRR
. SuBR
. SUBR
. SUBR
.« SURR
.« SUBR
« SUBR
. SUBR
. SURR
. SUBR
. DECK
CORE

NONE

M AP

1,0 131 )

12352
17001
00000
00000
17040
00000
17152
17153
17154
17452
20203
20233
20251
20467
20700
20702
22572
24232

IN THIS DECK)

IBLDR -- JoOB

000C0 THRU

12352 THRU

76157 THRU

64005 THRU

SPACE

12252

640C4

177176

16147
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DECK

DECK

DECK

DECK

DEC

SPACE LIBRARY - VER. 2,

LEG 1
FOR DECKS OF LINK NUMBER

R{-AL SECTION rs.sSLoct -
ASSIGNED ABSOLUTE
SECTION *BCD ¢ -
SECTICN *STOR ¢ -
SECTIGN *ATHRUZ' -
SECTION *FILO3.' -
SECTION *UNSIFT* -
SECTION *DSSCAN' -
SECTION *SPACE ' -
SECTION *ABOUTLY -
SECTION *ABOUT2' -
SECTION *ROOL * -
SECTION *SKIPR * -
SECTION *FILO6.Y -
SECTION '"READBL' -
SECTION *ENDF ' -
SECTION *REACE2Y -
SECTION *HOLOCT' -
SECTION *'HNLIC.* -
SECTION *FILIO.Y -
SECTION *STHIO.' -
SECTION *IOHEF,' -
SECTIAN *IgoHIG. -
SECTION *IOHHC.' -
SECTION
SECTIOGN
SECTION
SECTION

SECTICN

SECTION

121 '
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL SECTION
VIRTUAL SECTION
RCAL SECTION

SERROU,* -
YSLUXITY -
YSETFP.* -
"ACCESS' -

*STOR * ASSIGNED ABSCLUTE
VIRTUAL SECTION *S.StoC* -
REAL SECTION *STOR ¢ -

*UNSIFT* ASSIGNED ABSCLUTE
VIRTUAL SECTION *S.SLOC* -
REAL SECTIGN PUNSITFT -

'*FTCO3 * ASSIGNED ABSOLUTE
VIRTUAL SECTION 'S.FBCU' -
REAL SECTIGN 'FILO3.* -

*HCV * ASSIGNED ABSOLUTE
JIRTUAL SECTION *I10CEL. -
VIRTUAL SECTION *CVCEL.* -
VIRTUAL SECTIGN *RULl., ¢ =

C1aHLP Y -

MOC. 1

C M A

2+ 0 121

P

)

IBLOR -~ J0OB SPACE

ASSIGNED ABSOLUTE ORIGIN 12253,

ORIGIN 24232, ADJUSTED LENGTH IS 34271.
REFERS TO DECK ‘'RCH44 ', LGCATION 22760.
REFERS T3 DECK *STOR v, LOCATION 60531.
REFERS TO DECK *ATHRUZ*, LOCATION 61265.
REFERS TO DECK *FTCO3 ', LOCATIGN 60576.
REFERS TO DECK 'UNSIFT', LOCATION 6CS61.
REFERS T3 DECK 'DSSCAN', LOCATICGN 17007.
REFERS TO DECK 'SPC 'y LOCATION 135133,
REFERS Ta DECK 'SPC sy LOCATION 14252,
REFERS TO DECK 'SpC *y LOCATICN 14256,
REFERS TO DLCK *BAOL ¢, LOCATION 61307.
REFERS T(O DECK 'SPC 'y LOCATION 14262,
REFERS TO DECK *FO6 '+ LOCATICN 17153,
REFERS TGO DECK *'SPC 'y LOCATION 14242,
REFERS Td DECK 'SPC *y LOCATION 14272,
REFERS TO DECK 'SPC 'y LOCATIOCN 14246,
REFERS TGO DECK 'HLCT ', LOCATIGN 61330,
REFERS TO DECK *RWD *y LOCATION 17573,
REFERS TO DECK 'RWD *y LOCATION 20141.
REFERS TO DECK 'RWD 'y LOCATION 17472.
REFERS TO DECK 'RWD 'y LOCATION 17665.
REFERS TO DECK 'RwWD *y LOCATION 17702,
REFERS TO DECK 'HCV *y LOCATION 6C577.
REFERS TO3 DECK *'XCV 'y LOCATIGN 20233,
REFERS TO DECK 'ACV '+ LOCATION 20203,
REFERS TO DECK 'ICvV 'y LOCATION 6CT16.
REFERS TO DECK 'RwD *+ LOCATION 17646,
REFERS TO DECK 'RWD *y LOCATION 17625.
REFERS TO DECK *XEM ', LOCATIGON 20470.
REFERS TGO DECK *'RGSTX *, LOCATION 17040G.
REFERS T3 DELK ‘FPTY ‘y LOCATION 20251.
DELETED. REFERS TO DECK 'SPC 'y LOCATION

ORIGIN 60523.
ASSIGNED ABSOLUTE ORIGIN 12253.
ASSIGNED ABSOLUTE ORIGIN 60531.

ORIGIN 60553,
ASSIGNED ABSOLUTE CORIGIN 12253.
ASSIGNED ABSOLUTE ORIGIN 60561.

ORIGIN 6057¢6.
REFERS TQ DECK
ASSIGNED ABSOLUTE CGRIGIN 60576,

GRIGIN 60577.
REFERS TO DECK
REFERS TG DECK
REFERS T8 DECK

ADJUSTED LENGTH IS €G030.

ADJUSTED LENGTH IS €CG23.

ADJUSTED LENGTH IS CCOO1.

*OUSYFB', LOCATION 12304,

ADJUSTED LENGTH IS CCl117.

'10S ¢y LOCATION 17430.
'RWD sy LOCATION 20165,
*RWD *y LOCATICN 20037.

16617.
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VIRTUAL SECTION *BU22. ' - REFERS TO DECK °*RWD 'y LOGCATICN 20053,
VIRTUAL SECTION *SC. * - REFERS TO DECK *'RWD *y LOCATION 20021.
VIRTUAL SECTIGN *GETCH.' — REFERS TO DECK 'RWD 'y LOGCATION 2C151.
REAL SECTION *IOHHC.!' - ASSIGNED ABSOLUTE ORIGIN 60577,

DECK *ICv * ASSIGNED ABSOLUTE GRIGIN 60716. ADJUSTED LENGTH IS 00020.
VIRTUAL SECTION *CCQ. ' — REFERS TO DECK 'RWD 'y LOCATION 20031.
VIRTUAL SECTIGN *SC. - REFERS TO DECK *RWD LOCATION 20021.
VIRTUAL SECTION 'AST. - REFERS TO DECK *INTJ LACATIGN 61106,
VIRTUAL SECTION *IC2. - REFERS TO DECK 'INTJ LOCATIGN 61057.
VIRTUAL SECTION *IC10. - REFERS T0O DECK 'INTJ LACATION 61073,
VIRTUAL SECTION *10CEL. REFERS TO DECK *IQS LOCATION 17430.
VIRTUAL SECTIOGN *I10HCM.* - REFERS TG DECK 'RWD LOCATION 17537.
VIRTUAL SECTION *ICGHCT.* -~ REFERS TO DECK fRWD LOCATION 17615.
VIRTUAL SECTION *ICHDRB.' - REFERS TO DECK *INTJ *y LOCATION 61126.

L)
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REAL SECTION IO0HIC.* - ASSIGNED ABSOLUTE ORIGIN 60716,
RLAL SECTION I0HIT, ASSIGNED ABSOLUTE CRIGIN 60722,

i

DE"~ ¢ INTJ * ASSIGNED ABSCOLUTE ORIGIN 60736. ADJUSTED LENGTH IS 00321.
VIRTUAL SECTION *CVCEL.' - REFERS TO DECK *'RWD *y LOCATION 20165,
VIRTUAL SECTION *RUl. ' - REFERS TO DECK 'RWD LOCATION 20037.
VIRTUAL SECTION *RU4. -~ REFERS TO DECK *RWD LOCATION 20044,
VIRTUAL SECTION *CCu. - REFERS TO DECK *'RWD LOCATION 20031.
VIRTUAL SECTION *DE6O. - REFERS TO DECK *RWD LOCATION 20077,
VIRTUAL SECTION *DETO. - REFERS TO DECK 'RWD LOCATIGON 20100.
VIRTUAL SECTIOGN *XxC. ~ REFERS TO DECK 'RwD LOCATION 20110.
VIRTUAL SECTI{ON 'FEXEM.* — REFERS TO DECK *XEM LGCATION 20673,
VIRTUAL SECTION *ICCEL.' - REFERS TO DECK *IOS LOCATION 17430,
VIRTUAL SECTION *'GETCH.Y - REFERS TO DECK *RWD *y LOCATION 20151.
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REAL SECTION 'tJ. - ASSIGNED ABSOLUTE ORIGIN 60747.
REAL SECTION t1C2. - ASSIGNED ABSOLUTE CRIGIN 61057.
REAL SECTION ‘IC10. - ASSIGNEDC ABSOLUTE GRIGIN 61073,
RCAL SECTION PAST. - ASSIGNED ABSOLUTE ORIGIN 61106.
REAL SECTION YASTL. - ASSIGNED ABSOLUTE ORIGIN 61107.
REAL SECTION 'DE30. - ASSIGNED ABSOLUTE GRIGIN 61113.
REAL SECTION *I0HDB." - ASSIGNED ABSOLUTE ORIGIN 61126,
REAL SECTION 'DBC1. - ASSIGNED ABSOLUTE ORIGIN 61140.
RFAL SECTION 'DBCS. ‘- ASSIGNED ABSOLUYE GRIGIN 61160.
REAL SECTION P ANACH.* - ASSIGNED ABSOLUTE ORIGIN 61207.
REAL SECTION *SG1. - ASSIGNED ABSOLUTE ORIGIN 61226,
REAL SECTION YDECEL.' -~ ASSIGNED ABSOLUTE OGRIGIN 61250.

DECK *ATHRUZ®* ASSIGNED ARSOLUTE ORIGIN 61257. ADJUSTED LENGTH IS CCO22.
VIRTUAL SECTION *S.SLCC® - ASSIGNED ABSOLUTE ORIGIN 12253.
RCAL SECTION YATHRUZ* - ASSIGNED ARSOLUTE ORIGIN 61265.

DECK *P00GL * ASSIGNED ABSCLUTE ORIGIN 61301. ADJUSTED LENGTH IS CCO2l.
VIRTUAL SECTION *S.SL3C*® - ASSIGNED ABSOLUTE GRIGIN 12253,
RFAL SECTION 'ROOL * - ASSIGNED ABSOLUTE ORIGIN 61307.

DECK *HLCT * ASSIGNED ABSCLUTE ORIGIN 61322. ADJUSTED LENGTH IS CCO47.

VIRTUAL SECTION *'S.SLOC*' - ASSIGNED ABSOLUTE ORIGIN 12253,
REAL SECTION YHOLOCT® - ASSIGNED ABSCLUTE ORIGIN 61330.
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MEMORY M AP

0F LINK NUMBER 2, 121 )
ORIGIN OF THIS LINK AT DECK '12] '

SYSTEM, INCLUDING I0CS 00000 THRU 12252
NUMBER OGF FILES - NONE
OBJECT PRUOGRAM 12352 THRU 61370
l. DECK *SpPC ! 12352
2. DECK *DSSCAN?® 17001
3. SURR SINSYFB! 00000
4. SUBR *QUSYFBR! 00000
5. SURR *POASTX ! 17040
6. SURR *PPSYFB!Y 00000
7. SURR *FOS5 ! 17152
3. SURR *FO06 ' 17153
9. SURR [0S ! 17154
10. SUBR *RWD ' 17452
I1l1. SURR *ACV M 20203
12. SURR *XCV ! 20233
13. SURR 'FPT ¢ 20251
4. SUBR *XEM ' e 20467
15. SUBR *XI¥ ! 20700
16. SUBR 'DMP ! 20702
17. SUBR *RDH44 ¢ 22572
18. DECK *121 e 264232
19. DECK *STOR ¢ 60523
20. DECK CUNSIFT! 60553
21. DFCK *FTCO3 60576
22. SURR 'HCV ' 60577
23. SURR *ICV * 60716
24. SUBR *INTY 60736
25. SUBR YATHRUZ® 61257
26. SURR ‘*ggeL 61301
27. SUBR *'HLCT ¢ 61322

(# - INSERTIONS OR DELETIGNS MADE [N THIS CECK)
INPUT - OUTPUT BUFFERS 76157 THRU 77776

UNUSED CURE 61371 THRU 76147
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tectlc M AP
FOBR DECKS OF LINK NUMPRER 3,1 611 )
REAL SECTION 1S.SLCCY - ASSIGNED ABSOLUTE GRIGIN 12253,

DECK '611 * ASSIGNED ABSCLUTE ORIGIN 24232. ADJUSTED LENGTH IS 22275.
VIRTUAL SECTION *BCD ' - REFERS TO DECK °'RCH44 *, LOCATION 22760,
VIRTUAL SECTION *DELETE' - REFERS TO DECK *DELETE', LOCATION 47243,
VIRTUAL SECTION *SCGRTC1' - REFERS TO DECK *SORTC1'y LOCATION 46535,
VIRTUAL SECTION *ATHRUZ®* - REFERS TO DECK 'ATHRUZ*, LOCATION 51327.
VIRTUAL SECTIGN 'FILENO' - REFERS TO DECK *FILENO', LOCATION 47015,
VIRTUAL SECTION *DSSCAN' - REFERS TO DECK *DSSCAN', LOCATICN 170G7.
VIRTUAL SECTION *ALLINL® - REFERS TO DECK *ALLINL*, LOCATION 46704,
VIRTUAL SECTION *CNVRT ¢ - REFERS TO DECK 'CNVRT *, LOCATION 47064,
VIRTUAL SECTION *SPACE ' - REFERS TO DECK *'SPC LOCATION 13533,
VIRTUAL SECTION *ARCUTL' - REFERS TG DECK 'SPC LAGCATION 14252.
VIRTUAL SECTION *AfOUT2* - REFERS TO DECK *SPC LOCATIGN 14256.
VIRTUAL SECTION *RO0OL ' - REFERS TO DECK *'BeOL LOCATION 51351.
VIRTUAL SECTION *EXP ¢ - REFERS TO DECK 'XPN LOGCATION 51072.
VIRTUAL SECTICN *GSMRGE®' - REFERS TO DECK *GSMRGE LOCATIGN 47332,
VIRTUAL SECTION *SKIPR * - REFERS TO DECK *SPC LGCATION 14262,
VIRTUAL SECTION 'FILO6.' - REFERS TO DECK *F06 LACATION 17153,
VIRTUAL SECTION *READB1* - REFERS TO DECK *SPC LOCATION 14242,
VIRTUAL SECTIGN 'ENDF ' - REFERS TO DECK 'SPC LOCATION 14272,
VIRTUAL SECTION 'REACEB2' - REFERS TO DECK 'SPC LOCATION 14246.
VIRTUAL SECTIOGN 'COMPAR' -~ REFERS TO DECK ‘*COMPAR LOCATIGN 46626.
VIRTUAL SECTION *HULCCT' - REFERS TO DECK *HLCT LOCATION 51372,
VIRTUAL SCCTION '.EXP2,' - REFERS TO DECK *XxP2 LOCATION 50735.
VIRTUAL SECTION *,.EXP3,' - REFERS T3 DECK *'XP3 LOCATION 51020.
VIRTUAL SECTION *HNLIC.' - REFERS TO DECK 'RWD LOCATION 17573,
VIRTUAL SECTICN *FILIC.' - REFERS TO DECK 'RWD LOCATION 20141.
VIRTUAL SECTION *SLOIC.' - REFERS TO DECK *'SLO LOCATION 50703.
VIRTUAL SECTION *STHIQ.' - REFERS TGO DECK *RWD LOCATION 17472,
VIRTUAL SECTIAON *IOHEF.' - REFERS TO DECK 'RWD LOCATION 17665,
VIRTUAL SECTION *ICHIC.*' - REFERS T3 DECK 'RwWD LOCATIGN 17702.
VIRTUAL SECTION *T0HHC.' - REFERS TO DECK f'HCV LGCATION 47636,

VIRTUAL SECTION *TOHXC.' - REFERS TO DECK *XCV LOCATION 20233.

VIRTUAL SECTION *TOHAC.' - REFERS TO DECK ‘'ACV LGCATIGN 20203,

VIRTUAL SECTION *ICHIC.' - REFERS TG DECK *ICV LOCATICN 47755.

VIRTUAL SECTION *TOHFC.* - REFERS T4 DECK *FCV LOCATION 47545,

VIRTUAL SECTION 'ICHEC.' - REFERS TO DECK ‘'ECV LGCATIGN 47344,

VIRTUAL SECTION *I0HSF.* - REFERS T(O DECK 'RWD LOCATION 17677.

VIRTUAL SECTION *[CHRP.* - REFERS TO DECK 'RWD LOGCATION 17646.

VIRTUAL SECTION *10HLP,* - REFERS TO DECK *'RWD LGCATION 17625.

VIRTUAL SECTION *ERRGU.' - REFERS TO DECK *XEM LACATION 20470,

VIRTUAL SECTIGN *S.JXIT* - REFERS TO DECK *POSTX LOCATION 17040,
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VIRTUAL SECTION ¢SETFP.* - REFERS TO DECK *FPT *y LOGCATION 20251.

REAL SECTION '*ACCESS* - DELETED. REFERS TO DECK *SPC *y LUCATION 16617.
REAL SECTION Y ARRAYS®' - ASSIGNED ARSOLUTE CRIGIN 35013,

REAL SECTION *CONSNT® - ASSIGNED ABSOLUTE ORIGIN 46476.

L { *SORTCL1' ASSIGNED ABRSCLUTE ORIGIN 46527. ADJUSTED LENGTH IS 00071.
VIRTUAL SECTIGN *S.SLOC* - ASSIGNED ABSOGLUTE GRIGIN 12253.
RFAL SECTION *SORTCL®* -~ ASSIGNED ABSOLUTE GRIGIN 46535,
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DECK *COMPAR® ASSIGNED ABSOLUTF ORIGIN 46620. ADJUSTED LENGTH IS 0C056.
VIRTUAL SECTION *S.SLGC* - ASSIGNED ABSOLUTE CGRIGIN 12253,
REAL SECTION 'COMPAR' - ASSIGNED ABSOLUTE ORIGIN 46626,

DECK *ALLINL' ASSIGNED ARSOLUTE ORIGIN 46676. ADJUSTED LENGTH IS COlll.
VIRTUAL SECTION *S.SLGC* - ASSIGNED ABSOLUTE ORIGIN 12253,
REAL SECTION TALLINL' - ASSIGNED ABSOLUTE ORIGIN 46704.

DECK 'FILENO* ASSIGNEC ABSOLUTE ORIGIN 47007. ADJUSTED LENGTH IS 00047.
VIRTUAL SECTION 'S.SLOC' ~ ASSIGNED ABSOLUTE OGRIGIN 12253,
RECAL SECTION *FILENC® - ASSIGNED ABSOLUTE CGRIGIN 47015,

DECK *CNVRT * ASSIGNED ARSOLUTE CGRIGIN 47056, ADJUSTED LENGTH IS CO157.
VIRTUAL SECTION *S.SLCC*' - ASSIGNED ABSOLUTE GRIGIN 12253,
REAL SECTION *CNVRY ¢ - ASSIGNED ABSOLUTE ORIGIN 47064.

DECK *NELETE® ASSIGNED ARSOLUTE ORIGIN 47235, ADJUSTED LENGTH [S CO067.
VIRTUAL SECTION *S.SLCC* - ASSIGNED ABSOLUTE QGRIGIN 12253,
REAL SECTION *DELETE® - ASSIGNED ABSCLUTE ORIGIN 47243,

DEvK *GSMRGCY ASSIGNED ARSCLUTE ORIGIN 47324. ADJUSTED LENGTH IS C0C20.
VIRTUAL SECTION *S.SLCC* - ASSIGNED ABSOLUTE ORIGIN 12253,
RCAL SECTION 'GSMRGE® -~ ASSIGNED ABSOLUTE ORIGIN 47332,

DECK 'ECV * ASSIGNED ABSCLUTE ORIGIN 47344, ADJUSTED LENGTH IS GC201.
VIRTUAL SECTION *'AST. * - REFERS TO OECK *INTJ ¢, LOCATION 50145.
VIRTUAL SECTION 'DE30. - REFERS TO DECK 'INTJ LOCATION 50152.
VIRTUAL SECTION 'IC10. ~ REFERS TO DECK *INTJ LGCATION 50132.
VIRTUAL SECTIGN ' J. - REFERS TG DECK *INTY LOCATION 50006.
VIRTUAL SECTION ‘BRU4. ~ REFERS T3 DECK 'RWD LBCATION 20044.
VIRTUAL SECTION 'RU22. - REFERS TO DECK 'RwD LOCATION 2C053.
VIRTUAL SECTION *CCQ. ~ REFERS TGO DECK 'RWD LOCATION 20031.
VIRTUAL SECTION *DE6O. - REFERS TO DECK 'RWD LOCATION 20077.
VIRTUAL SECTION *DET0. -~ REFERS TG DECK 'RWD LOCATION 201CO0.
VIRTUAL SECTION 'SC. - REFERS TO DECK *RWD LOCATION 20021,
VIRTUAL SECTION *XC. - REFERS 10 DECK 'RWD LOCATION 20110.
VIRTUAL SECTION 'FFC1l0.* - REFERS TO DECK ‘FFC LOCATION 50316.
VIRTUAL SECTION *FFC12.' - REFERS TO DECK 'FFC LOCATION 5C325.
VIRTUAL SECTIGN *FFC24.' - REFERS TO DECK 'FFC LOCATION 5C0346.
VIRTUAL SECTION *FLTSW. REFERS TGO DECK *FFC LOCATION 5C512.
VIRTUAL SECTION *FFC30.' - REFERS TO DECK 'FFC LOCATION 50466.
VIRTUAL SECTIOGN *DE41. - REFERS TO DECK *'FFC LOCATION 5C471.
VIRTUAL SECTIGN *'DE44. - RLFERS TG DECK *FFC LOCATION 505C0.
VIRTUAL SECTION *CVCEL.' - REFERS TG DECK 'RwWD LOCATION 20165.
VIRTUAL SECTION *ICCEL.' - REFERS TO DECK 'I10S LOCATION 17430.
VIRTUAL SECTIOGN *I0HCM.* - REFERS TO DECK 'RWD LACATION 17537.
VIRTUAL SECTION *DECEL.' - REFERS T3 DECK *INTJ *, LOCATION 50307.
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REAL SECTION S JOHEL.' ~ ASSIGNED ABSOLUTE ORIGIN 47344,
REAL SECTION *IGHET.' ~ ASSIGNED ASSOLUTE ORIGIN 47350.
RTAL SECTIGN 'DCl. - ASSIGNED ABSOLUTE OGRIGIN 47355.
REAL SECTION 'DE. - ASSIGNED ABSOLUTE ORIGIN 47373,
REAL SECTION 'FFC9. - ASSIGNED ABSOLUTE ORIGIN 47476,
RFAL SECTIGN YFFC21.' -~ ASSIGNED ABSOLUTE ORIGIN 47544,

DECK *FCV * ASSIGNED ABSOLUTE ORIGIN 47545. ADJUSTED LENGTH IS CCOT71.
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VIRTUAL SECTION °*FLTSW.' - REFERS TG DECK 'FFC 'y LACATION
VIRTUAL SECTION *BU22. ' - REFERS TO DECK 'RWD *y LOCATION
VIRTUAL SECTION *CCQ. ' - REFERS TO DECK 'RWD *y LOCATION
VIRTUAL SECTION *SC. ' - REFERS TO DECK ‘'RWD 's LOCATION
VIRTUAL SECTION *XxC. * - REFERS TO DECK *RWD *y LOCATION
VIRTUAL SECTION *AST1l. * - REFERS TO DECK 'INTJ ', LOCATION
VIRTUAL SECTION °*DE4l. ' - REFERS Td DECK 'FFC 'y LOCATION
VIRTUAL SECTION 'DE44. * - REFERS TO DECK ‘'FFC 'y LOCATION
VIRTUAL SECTION *FFC10.' - REFERS TO DECK *FFC 'y LOCATION
VIRTUAL SECTION *FFC24.' ~ REFERS TO DECK 'FFC '+ LOCATION
VIRTUAL SECTION *ICHCM.' - REFERS TO DECK *RWD *y LOCATION
VIRTUAL SECTION *ICGCEL.* - REFERS TO DECK *10S *y LOCATION
VIRTUAL SECTION *CVCEL.' - REFERS TO DECK 'RWD 'y LOCATION
VIRTUAL SECTION *DECEL.* - REFERS TO DECK 'INTJ ', LGCATION
REAL SECTION YIOHFC.*' - ASSIGNED ABSOLUTE ORIGIN 47545,

RCAL SECTION 'IOHFT.' - ASSIGNED ABSOLUTE ORIGIN 47546.

RFAL SECTION 'FG. ! - ASSIGNED ABSOLUTE ORIGIN 47630.

*HCV * ASSIGNED ARSCLUTE ORIGIN 47636. ADJUSTED LENGTH IS
VIRTUAL SECTION *IOCEL.' - REFcRS TO DECK 'I0S 'y LOCATIOCN
VIRTUAL SECTION *CVCEL.' - REFERS TO DECK 'RWD 'y LOCATION
VIRTUAL SECTION *BUL. ' - REFERS TO DECK *RHWD *y LOCATION
VIRTUAL SECTION *'RBU22. ' - REFERS TO DECK *RwD Y+ LOCATION
VIRTUAL SECTIOGN *SC. ' - REFERS TO DECK *RWD 'y LOCATION
VIRTUAL SECTIAN *GETCH.' - REFERS TO DECK 'RWD *y LOCATION
REAL SECTIOGN *I0HHC.* ~ ASSIGNED ABSCLUTE ORIGIN 47636,

‘ICV * ASSIGNED ABSCOLUTE ORIGIN &47755. ADJUSTED LENGTH IS
VIRTUAL SECTION *CCQ. ' - REFCRS TO DECK 'RWD *y LOCATION
VIRTUAL SECTION *SC. ' - REFERS TGO DECK *RWD *y LOCATION
VIRTUAL SECTION *AST, * - REFERS TO DECK *INTJ ', LOCATION
VIRTUAL SECTION *IC2. * - REFERS TO DECK *INTJ *, LOCATION
VIRTUAL SECTICGN *IC10. ' - REFERS TO DECK *INTJ ', LOCATION
VIRTUAL SECTION *ICCEL.' - REFERS 7O DECK *'I0S 'y LOGCATION
VIRTUAL SECTION *ICHCM.' - REFERS TO DECK *RWD *y LACATION
VIRTUAL SECTIOGN *I0OHCT.®' - REFERS T(O DECK *'RWD 'y LOCATION
VIRTUAL SECTION *IOHDB.* - REFERS TO DECK *INTY 'y, LOGCATION
RCAL SECTIGN *I0HIC.Y - ASSIGNED ABSOLUTE ORIGIN 47755.

REAL SECTION *TOHIT.® - ASSIGNED ABSOLUTE ORIGIN 4T7761.

*INTJ ¢ ASSIGNED ABSOGLUTE ORIGIN 47775. ADJUSTED LENGTH IS
VIRTUAL SECTION *CVCEL.* - REFERS TO DECK °RWD 'y LOCATION
VIRTUAL SECTIGN *BUl. ' -~ REFERS TO DECK 'RWD 'y LOCATION
VIRTUAL SECTION *BU4. * - REFERS TO DECK *RWD *y LGCATION
VIRTUAL SECTIOGN *CCQ. ' - REFERS TO DECK *RWD sy LOCATION
VIRTUAL SECTION 'DE60. ' - REFERS TO DECK °*RWD *y LOCATION
VIRTUAL SECTION *DET0. ' - REFERS 7O DECK *'RWD 'y LOGCATION
VIRTUAL SECTION *XC. ! - REFERS TO DECK °*RWD 'y LOGCATION
VIRTUAL SECTION *FEXEM.' - REFERS TO DECK 'XEM 'y LOCATION
VIRTUAL SECTION *J0OCEL.*' - REFERS TO DECK 'I0S 'y LOCATICN
VIRTUAL SCCTION *GETCH.' - REFERS TO DECK 'RWD *y LOCATION
RTAL SECTION tJ. ¢ - ASSIGNED ABSOLUTE ORIGIN 50006.

REAL SECTION *1C2. * - ASSIGNED ABSOLUTE ORIGIN S50116.

REAL SECTION ¢IC10. ' - ASSIGNED ABSOLUTE ORIGIN S50132.

REAL SECTION YAST, ' - ASSIGNED ABSOLUTE QORIGIN 50145,

SPACE

50512.
20053.
20031.
20021.
20110.
50146.
5C471.
50500.
50316.
50346,
17537,
17430.
20165.
5C307.

CCl17.
17430,
20165.
20037.
20053,
20021.
20151.

Cco20.
20031.
20021.
50145.
50116.
50132.
176430,
17537.
17615.
50165.

co3al.
20165.
20037.
20044.
20031.
20077.
20100.
20110.
20473,
17430.
2C151.
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50132.
2C053.
2C077.
20100.
50116.
50006.
50307.
17430,
17615.
50165.

00G25.
20472.
17430.

C0067.
20473.
20472.

00051.
20473,
20472.
51177.
51072.

cclc3.
20473,
20472
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REAL SECTION *AST1. * - ASSIGNED ARSULUTE ORIGIN 50146,
RECAL SECTION *DE30. * - ASSIGNED ABSOLUTE ORIGIN 50152.
REAL SECTION *10HDB.Y - ASSIGNED ARSOLUTE ORIGIN 50165.
REAL SECTION *0BCls * - ASSIGNED ABSOLUTE ORIGIN 50177,
REAL SECTION 'DBCS. * ~ ASSIGNED ABSOLUTE ORIGIN 50217.
REAL SECTION *ANACH.* -~ ASSIGNED ABSOLUTE ORIGIN 50246,
REAL SECTION *SGl. * - ASSIGNED ABSOLUTE ORIGIN 50265.
REAL SECTIGNM *DECEL.* ~ ASSIGNED ABSOLUTE ORIGIN 50307,
*FFC ' ASSIGNED ABSCLUTE ORIGIN 50316. ADJUSTED LENGTH IS CC365.
VIRTUAL SECTIOGN *ICl0a. * - REFERS TO DECK *INTJ ', LOCATION
VIRTUAL SECTION *BU22. ' ~ REFERS TO DECK *'RWD 'y LOCATION
VIRTUAL SECTION *DE60. * - REFERS TO DECK 'RWD *y LOCATION
VIRTUAL SECTION *DE70. * - REFERS TO DECK 'RWD ‘y LOCATION
VIRTUAL SECTION *IC2. * - REFERS TO DECK *INTJ ', LOCATION
VIRTUAL SECTION *J. ' - REFERS TO DECK *INTJ ', LOCATION
VIRTUAL SECTION *DECEL.' -~ REFERS TO DECK 'INTJ *, LOCATION
VIRTUAL SECTION *IOCEL.' - REFERS TO DECK *I0S *s LOCATION
VIRTUAL SECTION *ITCOHCT.' - REFERS TO DECK 'RWD 'y LACATION
VIRTUAL SECTION 'I0HNDB.' - REFERS TO DECK 'INTJ ', LOCATION
RFCAL SECTION 'FFC10.' - ASSIGNED ABSOLUTE ORIGIN 50316,
RFAL SECTION 'FFCll.* - ASSIGNED ABSOLUTE ORIGIN 50322,
RFEAL SECTION 'FFCl2.' - ASSIGNED ABSOLUTE ORIGIN 50325,
REAL SECTION *FFC23.* - ASSIGNED ABSOLUTE ORIGIN 50344,
REAL SFCTION CFFC24.% - ASSIGNED ABSOCLUTE ORIGIN 50346,
REAL SECTION *FFC30.* - ASSIGNED ABSOLUTE OGRIGIN 50466,
REAL SECTION *DE41. * - ASSIGNED ARSOLUTE ORIGIN 50471.
REAL SECTION *DE44. ' - ASSIGNED ABSOLUTE ORIGIN 50500.
REAL SECTION *FLTSW.' - ASSIGNED ABSOLUTE ORIGIN 50512.
REAL SECTION *BCE. * - ASSIGNED ABSOLUTE ORIGIN 50537,
RFAL SECTIGN *CMC. ' - ASSIGNED ABSOLUTE ORIGIN 50606.
REAL SECTION *IOHPW.' - ASSIGNED ABSOLUTE ORIGIN 50621.
f5LC ¢ ASSIGNFD ABSCLUTE ORIGIN 50703. ADJUSTED LENGTH IS
VIRTUAL SECTION *ERLOC.' - REFERS TG DECLK 'XEM ‘s LOCATION
VIRTUAL SECTIAN *I0CEL.* - REFERS 7O DECKX *10S *y LOCATION
REAL SECTION *SLOI0.*' - ASSIGNED ABSOLUTE ORIGIN 50703..
*XP2 ' ASSIGNED ABSOLUTE ORIGIN 50730. ADJUSTED LENGTH IS
VIRTUAL SECTION *FEXEM.' - REFERS TO DECK *'XEM *+ LOCATION
VIRTUAL SECTION 'ERLOC.' - REFERS TO DECK *XEM 'y LOCATION
REAL SECTION *LEXP2.' - ASSIGNED ABSOLUTE ORIGIN 50735,

t XP3 ' ASSIGNED ABSGLUTE ORIGIN 51017. ADJUSTED LENGTH IS
VIRTUAL SECTION °*FEXEM.' - REFERS TO DECK *XEM 'y LOCATION
VIRTUAL SECTION "ERLOC.' - REFERS TO DECK *XEM ‘s LOCATION
VIRTUAL SECTIGN *ALOG * - REFERS TG DECK *LOG ‘v LOCATION
VIRTUAL SECTION *ExP ¢ - REFERS TO DECK *XPN 'y LOCATION
REAL SECTION Y.EXP3.* ~ ASSIGNED ABSOLUTE GRIGIN 51020.

' XPN * ASSIGNED ABSOLUTE CRIGIN 51070. ADJUSTED LENGTH IS
VIRTUAL SECTION 'FEXEM.' - REFERS TO DECK 'XEM ‘y LOCATION
VIRTUAL SECTIOGN *ERLOC.' -~ REFERS TG DECK *XEM ‘s LOCATION
REAL SECTIGON 'FXP * ~ ASSIGNED ABSOLUTE ORIGIN 51072.
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SPACE LIBRARY - VER. 2y MOD. 1 IBLDR ~- J0OB SPACE

DECK 'LAG ' ASSIGNED ARSOLUTE ORIGIN 51173. ADJUSTED LENGTH IS €O126.
VIRTUAL SECTION *FEXEM.' - REFERS TO DECK °*XEM ', LACATIGN 20473,
VIRTUAL SECTION 'ERLGC.' - REFERS TG DECK *XEM ¢, LOGCATION  20472.
RCAL SECTION YALGGLO' - ASSIGNED ABSGLUTE ORIGIN §1173,

REAL SECTIGN *ALGG ' - ASSIGNED ABSGLUTE ORIGIN S51177.

DECK *ATHRUZ' ASSIGNED ABSCLUTE ORIGIN 51321. ADJUSTED LENGTH IS €CO022.
VIRTUAL SECTION *¢S.SLOGC* - ASSIGNED ABSOLUTE ORIGIN 12253,
REAL SECTIGN "ATHRUZ' - ASSIGNED ABSOLUTE ORIGIN 51327,

DECK 'POOL ' ASSIGNED ABSOLUTE ORIGIN 51343, ADJUSTED LENGTH IS 00G2t.
VIRTUAL SECTION *S.SLCC* - ASSIGNED ABSOLUTE GRIGIN 12253,
REAL SECTION *RCOL ' - ASSIGNED ABSOLUTE OGRIGIN 51351,

DECK *HLCT ' ASSIGNED ABSOLUTE ORIGIN 51364. ADJUSTED LENGTH IS C0Q47.

VIRTUAL SECTION ¢S.SLGC* - ASSIGNED ABSOLUTE ORIGIN 12253.
REAL SECTION *HCLOCT® - ASSIGNED ABSOLUTE ORIGIN 51372,
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SPACE LIBRARY - VER. 2, MOD. 1 IBLOR -~ J0B SPACE

M EMORY M AP

OF LINK NUMBER 3,[ 61! )
ORIGIN OF THIS LINK AT DECK *6l1l ¢

SYSTEM, INCLUDING 10CS 00000 THRU 12252
NUMBER OF FILES - NONF
GBJECT PROGRAWM 12352 THRU 51432
1. DECK *SPC . 12352
2. DECK *DSSCAN® 17001
3., SUBR ¢[NSYFB* 00000
4. SURR YGUSYFB?* 00000
5. SURR *pOSTX ¢ 17040
6. SUBR *PPSYFR! 00000
7. SURR ¢FQ5 . 17152
8. SURR 'F06 ' 17153
9. SUBR *10S . 17154
10. SUBR *RWC ' 17452
11. SUBR *ACVY ' 20203
12. SURR *XCV ' 20233
13. SUBR *FPT ' 20251
14. SURR *XEWV ' e 20467
15. SUBR *xIT ' 20700
16. SURR *pMP . 20702
17. SUBR *RDR&44 ¢ 22572
18. DECK *611 " e 24232
19. DECK *SORTC1® 46527
20. DECK *COMPAR? 46620
21. DECK *ALLINYY 46676
22. DECK *FILENG' o 47007
23. DECK *CNVRT * e 47056
24, DECK *DELETE! 47235
25. DECK $GSMRGE?® 47324
26. SUBR SECV . 47344

27. SUBR *FCV
29. SUBR *HCV
29. SURR *[CvV
30. SUBR ¢ [INTJY
31. SUBR *FF(C 50316
32. SUBR *SLC 50703

. 47545
L]
[}
L}
L]
¢
33, SUBR 1XP2 ¢ 50730
[ ]
L]
1 ]
[}
¢
.

47636
47755
47775

34. SUBR *XP3 51017
35. SUBR *XPN 51070
36. SUBR *L0OG 51173
37. SUBR *ATHRUZ 51321
38. SUBRR *BOCL 51343
39, SUBR *HLCT 51364

e - INSERTIONS CR DELETIONS MADE IN THIS DECK)
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SPACE LIBRARY - VER,

INPUT - QUTPUT BUFFERS

UNUSED CORE

2y

MOOC.

1

IRLDR -- JOAR

76157 THRU

51433 THRU

SPACE

1717716

76147
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DECK

DECK

SPACE LIBRARY - VER. 2,4

FOR DECKS OF LINK NUMBER

RFEAL SECTION

‘UTL '
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

MoC. 1

LOGTIC M

*s.sLace

ASSIGNED ABSCLUTE

SECTION
SECTION
SECTION
SECTION
SECTION
SECTIGN
SECTIGN
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTIGN
SECTION
SECTION
SECTION
SECTION
SECTION
SECTIGN
SECTION
SECTION
SECTION
SECTIGN
SECTION

SECTIGN

REAL SECTIGN
REAL SECTIQON

‘ECV ¢

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

'SeJNAMY
*S.SDAT?
*S.SLTCY
*S.XDVA!
‘FILIC.?
'FILOG.!
*HNLIC.?*
*sSLo1g.

Y10HXC.*
fABOUTL?
YABOUT2?
'ENDE 8
*GEDIT
*READB]*
*REACB2!
* SIGNCN?
'*SPaACE ¢
"ACCESS!
*SYSTEM:

ASSIGNED ABSOLUTE

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTIAN
SECTION
SECTION
SECTION
SECTION
SECTIAN
SECTIGN
SECTIGN
SECTION
SECTION

*AST.
'DE30.
‘icle,
*tJ.
*BUs4.
‘BU22,
*CCq.
*DE6O.

4y ( UTLITY

p

)

IBLOR -- JaR

ASSIGNED ABSOLUTE OGRIGIN 12253.

ORIGIN
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS

24232.

1o
Ta
T0
TO
T0

DELETED.
DELETED.

OGRIGIN
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS
REFERS

DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

SPACE

ADJUSTED LENGTH IS 02347,

*IBNUC
*IBNUC
*1BNUC
'*IBNUC
'RWD
‘FO6
'RWD
'SLo
'RWD
tACYV
VECV
'RWD
'HCV
‘ICv
'RWD
'RWD
'ocv
RWD
*XCV
'sec
'Sec
'*SPC
'SPC
'SPC
'SePC
'*SPC
'SeC

REFIRS V@ DECK
REFERS TO DECK

26601.

DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

ADJUSTED

CINTY
*INTY
VINTY
VINTY
‘RWD
‘RWD
*RWD
*RWD
*RWD
‘RWD
*RWD
"FFC
*FFC
*FFC
*FFC
‘FFC
‘FFC

- ® ® 4 % ® & ® ® 4 o & &6 a &
€ ® W e e W W W W e W W S W W e w

LACATION
LOGCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LACATION
LOCATION
LOCATION
LOCATION
LOGCATIOGN
LOCATION
LOCATIOGN
LOCATION
LOCATION
LOCATIOM
LOCATION
LOCATION
LOCATIQON
LOCATION
LOCATION
LOCATION
15PC 0
15PC 0

LACATION
LOCATION
LOCATION
LOCATICGN
LOCATICN
LOCATION
LGCATIGN
LOCATION
LOGCATION
LOCATION
LOGCATION
LOCATION
LOCATION
LOCATIGN
LOCATION
LACATIGON
LOCATION

00311.
00213.
0c210.
00153,
20141,
17153,
17573,
3c127.
17672,
20203.
26601.
17665.
27002.
27121,
17702.
17625.
27141,
17646.
20233,
14252.
14256.
14272,
15344,
14242.
14246.
12352.
13533,

LACATION
LGCAT

LENGTH [S C0201.

27370,
27375,
27355,
27231.
20044,
20053,
20031.
20077.
20100.
20021.
20110.
27541.
27550.
27572.
27736,
27712,
27715,

10N

16617.
146476.
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DECK

DECK

DECK

DECK

SPACE L

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

REAL SECTION

REAL SECTION
REAL SECTION
REAL SECTION
REAL SECTIGN
REAL SECTION

*HCV

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
REAL SE

'ICV

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

RFEAL SECTION
RFAL SECTION

‘acv

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

RCAL SECTION

P INTY

VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL
VIRTUAL

ASSIGNED ABSOLUTE ORIG

DECK
DECK
DECK
DECK
DECK

IBLDOR -- JOB

'FFC Yy
‘RWD Yy
‘108 ty
*RwWD L
YINTY Y,

ABSOLUTE ORIGIN
ABSOLUTE ORIGIN
ABSOGLUTE ORIGIN
ABSOLUTE ORIGIN
ABSOLUTE ORIGIN
ABSOLUTE ORIGIN

002.
DECK
DECK
DECK
DECK
DECK
DECK

121.
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

LOCAT]ION
LOCATI]ION
LOCATION
LOCATION
LOCATION
26601,
26605,
26612.
26630,
26733,
27001,

ADJUSTED LENGTH IS

'*10S
‘RWD M
'RWD '
'RWD M
*RWOD '
'RWO *

I

LOCATION
LOCATION
LGCATION
LOCATION
LOCATION
LOCATION
27002.

ADJUSTED LENGTH IS

‘RWD N
*RWD
YINTY
CINTY
YINTJ
'1as
'RWD
‘RWD
YINTY

ASSIGNED ABSOLUTE ORIGIN
ASSIGNED ABSOLUTE ORIGIN

ASSIGNED ABSCOLUTE ORIG

IBRARY - VER. 2, MOC. 1
SECTION *DE44. * - REFERS TO
SECTION *CVCEL.' - REFERS YO
SECTION *IO0CEL.* - REFERS TGO
SECTION *IGHCM.' - REFERS TO
SECTION *DECEL.' - REFERS 71O

SIOHEC.* - ASSIGNED
*IOHET,.* - ASSIGNED
*OCl. * - ASSIGNED
‘DE. ' -~ ASSIGNED
$FFC9. ' - ASSIGNED
*FFC21.* - ASSIGNED

¢ ASSIGNED ABSOLUTE ORIGIN 27
SECTICN *JO0CEL.' - REFERS T0
SECTION *CVCEL.* - REFERS TO
SECTION *RUl., * -~ REFERS TO
SECTION *RU22. ' - REFERS TO
SECTION *SC. ¢ - REFERS TO
SECTION *GETCH.' ~ REFERS TO

CTION 'IOHHC.Y -~

* ASSIGNED ARSOLUTE ORIGIN 27
SECTION *CCQ. * =~ REFERS TO
SECTION *SC. ' ~ REFERS TO
SECTIOGN 'AST. ' -~ REFERS TO
SECTION *IC2. * =~ REFERS TO
SECTIGN *IC10. * ~ REFERS TO
SECTIGN *IC0CEL.* ~ REFERS TO
SECTION *ICHCM.* ~ REFERS TO
SECTION *'IOHCT.* - REFERS TQO
SECTION *I0HDB.® =~ REFERS TO

YI0HIC.Y ~
CIOHIT.Y ~

* ASSIGNED ABSOLUTE ORIGIN 27
SECTION *BuUl. ' =~ REFERS TO
SECTION *CCA. ' - REFERS TO
SECTION *GETCh.* - REFERS TO
SECTION *HCT. ¢ - REFERS T0
SECTIGN *SC. * - REFERS TO
SECTION *XxC. * - REFERS TO
SECTION *CVCEL.' - REFERS TO
SECTION *FEXEM.' - REFERS TO
SECTION *I10CEL.' - REFERS 1O
SECTION *ICHCM.* - REFERS TO

*{0HOC.Y -

! ASSIGNED ABSOLUTE ORIGIN 27
SECTION *CVCEL.' - REFERS TO
SECTICON *'BULl. ' -~ REFERS TO
SECTION 'BU4., ' - REFERS TO
SECTION *CCQ. ' - REFERS 7O
SECTION *DE6O0. * - REFERS TO
SECTION *DET70. * - REFERS TO
SECTION *XC. ' -« REFERS TO

141.
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK
DECK

220.
DECK
DECK
DECK
DECK
DECK
DECK
DECK

LOCATICON
LOCATION
LOCATION
LOCATICGN
LGCATION
LOCATION
LOCATION
LOGCATION
LOCATION
27121.

27125.

ADJUSTED LENGTH IS

‘RWO
'RWD '
*RWOD '
*RWD ¢
'RWD '
‘RWD ¢
*RWD ¢
*XEM '
'*10S '
'RWD ¢

I

“
'
'
'
'
'
'
'
'
'
N

LACATION
LOCATION
LOGCATIGON
LOCATION
LOCATION
LOGCATION
LOCATIGN
LOCATION
LAGCATION
LOCATION
27141.

ADJUSTED LENGTH IS

*RWD ¢
*RWD
*RWO
‘RWD
‘RWD
'RWD
‘RWD

- ® 8 o « @
- % ® ® w e e

LOCATION
LOCATION
LOCATION
LOCATION
LOCATION
LACATIGN
LOCATION

SPACE

27724.
20165.
17430.
17537.
27532.

00117.
17430,
20165.
20037.
20053,
20021.
20151.

€0020.
20031.
20021.
27370.
27341.
27355,
17430.
17537.
17615.
27410.

00057.
20037,
20027.
20151.
17614.
20021.
20t10.
20165.
20473,
17430.
17537,

cc3zal.
20165.
20037.
20044.
20031.
20077.
20100.
20110.
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DECK

DECK

SPACE LIBRARY -

VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

VEEC

SECTION
SECTION
SECTION
SECTION
SECTICON
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION

' ASSIGNED ABSOLUTE
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTION

VIRTUAL SECTION
VIRTUAL SECTION
VIRTUAL SECTIGN
VIRTUAL SECTIGON
VIRTUAL SECTION
VIRTUAL SECTIGN

REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL
REAL

*SLo

REAL

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION

* ASSIGNED ABSOLUTE
VIRTUAL SECTIGCN
VIRTUAL SECTION *I0CEL.’*

SECTION

*SLolcC.

ASSIGNED ABSOLUTE ORIGIN 30127,

VER., 2, MOD. 1 IBLDR -- J40B SPACE
YFEXEM,.* - REFERS TO DECK *XEM ', LOCATION 20473,
*IO0CEL.* - REFERS TO DECK 'l0S 'y LOCATIOCN 17430.
YGETCH.' - REFERS TO DECK 'RWD sy LOCATION 20151.
' J. ' ~ ASSIGNED ABSOLUTE GRIGIN 27231,
*1C2. ' - ASSIGNED ABSOLUTE ORIGIN 27341,
"IC10. * - ASSIGNED ABSOLUTE ORIGIN 27355,
*AST. ' - ASSIGNED ABSOLUTE ORIGIN 27370.
'"ASTl. * - ASSIGNED ABRSOLUTE ORIGIN 27371.
'DE30. * -~ ASSIGNED ABSOLUTE ORIGIN 27375,
*10HDB.Y - ASSIGNED ABSOLUTE ORIGIN 27410.
*D8Cl. ' -~ ASSIGNED ABSOLUTE CGRIGIN 27422,
*DBCS. * - ASSIGNED ABSOLUTE ORIGIN 27442,
YANACH.' - ASSIGNED ABSOLUTE OGRIGIN 27471.
*'SGl. * - ASSIGNED ABSOLUTE ORIGIN 27510.
*DECEL.* - ASSIGNED ABSOLUTE ORIGIN 27532,
ORIGIN 27541. ADJUSTED LENGTH IS C0366.
*IC10. * - REFERS TG DECK *'INTJ *, LOCATION 27355,
*BU22. ' - REFERS TO DECK 'RWD 'y LOCATION 20053.
*DE6O. ' - REFERS TO DECK °*RWD ‘s LOCATION 20077.
'*DE70. * - REFERS TO DECK 'RWOD y LGCATION 20100.
*1C2. ¢ -~ REFERS TO DECK 'INTJ) *, LOCATION 21341.
" J. ' - REFERS TO DECK *INTJ *, LOCATION 27231.
'DECEL." - REFERS TO DECK 'INTJ *, LOCATION 27532.
*I0CEL.* -~ REFERS TO DECK *'[0OS 'y LOCATION 17430.
'I0HCT.* - REFERS TO DECK *RWD 'y LOCATION 17615.
*I0HDB.Y - REFERS TG DECK *INTY %, LOCATION 27410.
*FFC10.* -~ ASSIGNED ABSOLUTE OGRIGIN 27541.
*FFCl1l.*' - ASSIGNED ABSOLUTE ORIGIN 27545.
'FFC12.* ~ ASSIGNED ABSOLUTE ORIGIN 27550.
YFFC23.' -~ ASSIGNED ABSOLUTE ORIGIN 27570.
*FFC24.* - ASSIGNED ABSOLUTE ORIGIN 27572.
*FFC30.' - ASSIGNED ABSOLUTE ORIGIN 27712.
*QE41. ¢ - ASSIGNED ABSOLUTE ORIGIN 27715.
*OE44. * ~ ASSIGNED ABSOLUTE ORIGIN 27724,
" YFLTSW.' - ASSIGNED ABSOLUTE ORIGIN 27736,
YBOE. ' - ASSIGNED ABSOLUTE ORIGIN 27763.
*CMC. ' - ASSIGNED ABSOLUTE OGRIGIN 30032.
*TOHPW.' - ASSIGNED ABSOLUTE GRIGIN 30045.
ORIGIN 30127. ADJUSTED LENGTH IS CCO2S.
YERLOC.* - REFERS TO DECK *XEM 'y LOCATION 20472.
- REFERS TO DECK *I0S 'y LOCATIOGN 17430,
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SPACE LIRRARY - VER. 2, MOC. 1 IBLDR -- J0OB SPACE

MEMORY M AP

OF LINK NUMBER 4,( UTLITY )
GRIGIN OF THIS LINK AT DECK *UTL '

SYSTEM, INCLUCING 10CS 000CO THRU 12252
NUMBER OF FILES - NONE
GBJECT PROGRAM 12352 THRU 30153

1. DECK *SPC ¢ 12352
2. DECK *DSSCAN! 17001
3. SUBR *INSYFB! 00000
4, SUBR *QuUSYFB! 00000
5. SUBR *pPOSTX °* 17040
6. SUBR *PPSYFB? 00000
7. SURR *FOS5 ! 17152
8. SUBR 'F06 ‘ 17153
9. SUBR *]0S ' 17154
10. 'SUBR *RWD ' 17452
11. SUBR *ACvV ! 20203
12. SUBR *XCV ¢ 20233
13. SUBR *FPT ' 20251
14. SUBR * XEM LI 20467
15. SUBR *XIT ' 20700
16. SUBR *DMP ' 20702
17. SUBR *RDH44 * 22572
18. DECK *UTL ' . 24232
19. SUBR *ECV ! 26601
20. SUBR *HCV ! 27002
21. SUBR *ICV ' 27121
22. SUBR *OCV ¢ 27141
23 . SUBR *¢INTY ! 27220
24. SUBR *FFC L 27541
25. SUBR *Si¢C ' 30127

(» — INSERTIGNS OR DELETIONS MADE IN THIS DECK)

INPUT - OUTPUT BUFFERS 76157 THRU 77176

UNUSED CORE 30154 THRU 76147
OBJECT PROGRAM IS BEING ENTERED INTG STORAGE.

SPACE - VER. 2, MQOD. 1 HAS CONTROL
REELS R 91 B DEFER F 910C1 LIST F 91002 LIST F 91003 L{iST
R -3 F -3001 LIST F -3002 LIST
REEL -4 C FILE -4001 LIST
R =5 F -5001 COPYTO 91004 LIST F -5002 CAPYTC 91005 LIST
F 91001 COPYTO ~-5003 F -5001 capPYTQ 9lo0Cé¢ F 91004 LISTI 4
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2.3 RELATED PROGRAMMER [NFORMATION

a. The monitor itself occupies approximately 2325/10
locations of core storage; however, it overlays more
than the first quarter of itself with the following:

1. Post-execution file utility operations
table.

2. 10CS file control blocks.
3. 10CS buffer pool list.
L. Buffers. _
Depending upon the storage required by items 1-3, one
or two buffers will occupy this area. Remaining buffers,
if needed, will be constructed in upper core. Note that
the number of such buffers which can be used for a given
program is a function of its size; i.e., if the program
is very large, some buffers may have to be released to
serve as program area. The pool will, however, be restored
to its original state for the next program, unless a
similar situation exists. |In every case, the upper memory
break contained in the address portion of S.SLOC+3 is
adjusted by the monitor to reflect buffer residence.
This adjustment is made for each program when it is loaded.
b. The READH subroutine is used by the monitor for BCD input
and hence, must be incliuded in the main link.
¢c. Although the library must be prepared in chain link format,
the chain subroutine in IBLIB is not used for loading
links. Unless referenced by some program, it will never
be in core.
d. Two stringent requirements are imposed upon the main
link. First, it must contain the definitions of all
10CS files used in the entire library, and second, it
must contain the definition of the largest block of
biank common. Thus, if any programs require the use
of non-SPACE files, the appropriate $FILE cards must
be included in the main link when the library is created.
The DEFER or READY mounting option should be specified
for all such files. Use of blank common can usually

be avoided by employing named common; however, the user
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may elect to include a deck in the main link specify-

ing the largest definition.

1 8

$1BMAP DEF INE
CONTRL
USE
BSS
END

For example:

16

//
//
500

Variable unit designations should never be used in

FORTRAN I/O statements, as all logical units defined

in the 10U table will be considered unavailable to

the monitor.
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3.1

3.1.

SECTION 3

USER'S MANUAL

PREPARING THE REELS CARD SERIES

Every reel, permanent or mediary, to be used in a given job
must be specified in the REELS card series. In addition, all files
which are to take part in post-execution utility operations must be
identified in the series. The user should familiarize himself with

the organization of the job deck as prescribed in section 2.1.2 of

this manual.

CATEGORY KEYWORDS

Information appearing in the REELS card series must be in the form
of groups, of which there are three possible categories. The beginning
of each group is identified by a keyword classifying the group and
ends when either the keyword of the next group or the end of the

series is encountered. The category keywords are as follows:

a. REEL - This keyword indicates the beginning of a group
of information related to some reel which is
to be used for the job. |t must always be followed
immediately with a positive permanent, or negative
mediary reel number. Options pertaining to the
reel may follow the reel number in any order.

b. FILE - This keyword indicates the beginning of a
group of information related to some file which
is to be processed by the post-execution utility
program. The keyword must always be followed
immediately with the file number of the file
which is to be referenced. Either, or both, of
the two utility options may follow the reference

file number in any order.
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3.1.2

c. BUFFERS - If it is used, this keyword must be immediately
followed with a single integer which establishes
the number of buffers to be assigned for the
job. If this keyword is omitted, or if the speci-
fication is zero, two buffers will be assigned
for each reel (unless two or more reels share
the same physical device by virtue of the DEFER

option).

To permit economy in punching, the keywords REEL, FILE, and BUFFERS
may be punched as R, F, and BUF, respectively.

OPTIONS PERTAINING TO INDIVIDUAL REELS

In some instances, it is necessary to supply additional informa-
tion related to a certain reel, or the user may elect to exercise
one or more options available for the reel. This information must
be part of the R group to which it applies and can follow the reel
number in any order. The various options/specifications recognized

include:

a. The unit to which the reel is to be assigned, as follows:
Uxx = The reel is to be assigned to the symbolic
utility unit, S.SUxx.

Iyy = The reel is to be assigned to a unit having
the intersystem reservation code yy.

IyyR = Same as Iyy, except that after the assignment
is made, the unit's reservation code is to be
canceled (set to 00).

Uxx Iyy = Same as Uxx, except that the reservation code yy
(< 20) is to be assigned to the symbolic unit
specified by Uxx. Note that these are two
separate words.

B = The reel should be assigned to any tape drive
on channel B.

c = The reel should be assigned to any tape drive

on channel C.
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b.

Cs

The specification, NOLABEL, which indicates that a reel
header label does not exist, and hence must be created.
Unless NOLABEL has been specified for a given permanent
reel, the monitor will attempt to read and verify its
label to insure that the correct reel has been mounted. |If
the label cannot be read, or cannot be identified, the
condition will be treated as an error and will terminate
execution. The NOLABEL specification is not required for
mediary reels and should-only be employed with the first
SPACE application of a permanent reel.

The FP option may be exercised for permanent reels which
are to be logically file protected by the monitor. With
this option in effect, the associated reel cannot be
written upon. An exception occurs when a utility opera-
tion requests a file to be copied onto the reel. In this
case, and this case only, the file protect option is
ignored.

The DEFER option may be used for a reel which will not

be needed until later in the job, or perhaps will not be
needed at all. When this option is employed, the operator
mounting message is deferred until a file on the reel is
opened by READB1 or ABOUT!. Observe that this supplies
the user with the ability to assign two or more reeis to
the same physical unit. With such an application, the
monitor will unload the reel currently mounted and request
the deferred reel to be mounted in its place. The removed
reel will then be placed in a deferred status, even though
the DEFER option was not exercised with it. The user must,
therefore, be aware of the order in which files will be
used on reels sharing the same unit. Consider, for example,
reels A and B which have both been assigned to the same
unit by virtue of the DEFER option for reel B. |If files
on these reels starting with A, were referenced in an
alternate fashion, the operator would be in continuous

state of repeating the following four steps:
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1. Remove A

2. Mount B
3. Remove B
4. Mount A

ORDER OF UNIT ASS IGNMENT

The monitor will consider a device available and hence,

assignment only if the following requirements are met:

The device is symbolically attached.

Its reservation code is 00, except for Iyy or
IyyR specifications.

It is either a tape transport on channel B or C,
or disk/drum storage accessed sequentially in

full track with addresses mode.

permit

When more than one technique of unit assignment has been specified

for reels appearing in the REELS card series, the order of assignment

is as follows:

i.
2.

All Uxx specifications are processed first.

All Uxx Iyy, Iyy, and IyyR specifications

are processed second.

All reels having a channel preference are assigned
next. If an available unit cannot be found on the
desired channel, the channel preference will be
ignored and the reel placed in the next category.
All reels which do not have an assignment speci-
fication are assigned units last. When making such
assignments, the monitor will attempt to satisfy as
many of the following criteria as possible:

a. Disk/drum utility units for mediary reels.

b. Tape transports in ready status for all
mediary reels which cannot be assigned
disk/drum.

c. Tape transports not in ready status for
all permanent reels.
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3.1.4

POST-EXECUTION FILE UTILITY OPTIONS

The user may elect to employ either or both of the two utility
options for a given file. These options must be part of the F group
to which they apply, and can follow the reference file number in any

order.

a. The LISTx option is used to dump selected logical
records from the reference file onto $.S0Ul in the
format prescribed by the character x appended to the

word. The significance of this character is as

follows:
x = blank or 8 - List in octal.
x = I - List as integer.
x = F - List as floating point decimal
in the format +X.XXXXXXE+YY.
x = B - List as BCD.
The LISTx option may assume any one of the following
forms:
. LISTx - All records in the reference
file are to be listed.
2. LISTx i - The first i records of the

reference file are to be listed.

3. LISTx i,j - Records starting with record i
up to and including record j are
to be listed. The integers i and
j may be given in any order.

Note that option (1) is a single word, while options (2)
and (3) constitute two words.

b. The COPYTO option provides a means by which the reference
file can be copied to another file. The word, COPYTO,
must always be followed by the file number of the file
to which the copy is desired. With the exception of the
file number, the contents of the identification record
of the new file will remain the same as that of the ref-
erence file. The user will always be notified of the

success or failure of a requested copy-
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NOTE: Utility operations are performed in the order which

they are given in the REELS card series. Hence, the

user must plan the sequence of activities to be
performed.

3.1.5 SERIES PREPARATION EXAMPLES

Example 1:

Col. 1-5 ~ Col. 7-72

REELS R 91 NOLABEL F 91001 LIST F 91002 LIST
R -1 R -2 B FILE =100k COPYTO 91003
LISTF 20 *

In the example above, a total of three reels have been specified.

Reel 91 is permanent and does not have a label. Two files on this

reel, 91001 and 91002 should be fully listed in octal at the end of
the job. Two mediary reels having reference numbers -1 and -2 are also
required in the job. If possible, reel -2 should be assigned to a

tape unit on channel B. At the end of the job, file -100k is to be
copied to file 91003 and the first twenty logical records of file

-1004 are to be listed in floating point decimal.

Example 2:

Col. 1-5

REELS R -5 R =10 R =15 R L78 DEFER
NOLABEL U0 R 1396 UOkL R 673 TII6R
F -10002 LIST8 50,100 COPYTO 478001 *

This example illustrates the use of six reels. Three of these
are mediary and have reference numbers -5, -10 and -15. The remain-
ing three reels are permanent and bear identification numbers 478,
1396 and 673. Assuming the configuration of the system consists of

only five symbolic utility units, reels 478 and 1396 have been
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assigned to the same device (5.SU0k4) by virtue of the DEFER option
for reel 478. This reel is not needed during processing; however,

a file which will be created during the job must be saved on the
reel. Hence, when the utility processor opens file 478001 for the
requested copy, reel 1396 will be unloaded and reel 478 mounted in
its place. The appearance of the NOLABEL specification for reel

478 indicates that it must be labeled when it is mounted. Reel 67>
is to be assigned to a symbolic unit having the intersystem reserva-
tion code 16 and, as soon as the assignment is made, the reservation
code is to be cancelled. At the end of the job, logical records
50-100 of file -10002 are to be listed in octal and the file is to
be copied to file 478001.

3.1.6 ASSOCIATED ERROR DIAGNOSTICS

The following errors can occur while processing the REELS card
series. Each will have the effect of terminating execution without

calling the DUMP program.

3.1.6.1 'REELS' CARD MISSING, OR IMPROPERLY PUNCHED.

The monitor has not found the BCD word REELS punched in

columns 1-5 of the first card in the series.

3.1.6.2 UNRECOGNIZED OPTION ON ‘'REELS' CARD -- WORD ** = *¥X¥x%

A word has been punched in the series which the monitor cannot

recognize.

3.1.6.3 FILE INFO ON 'REELS' CARD EXCEEDS CAPACITY OF ALLOTTED STORAGE
BY *** ENTRIES.

The table into which the post-execution file utility operation
requests are placed has overflowed. This table is initially constructed
in the area occupied by the first dependent link, and later moved to
overlay code which is no longer needed at the origin of the monitor.

This overlay area constitutes approximately 230/10 cells and can

accommodate many utility requests. Within the table, three entries
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are required for each F group specifying both utility operations,
and two entries are required for each F group specifying only one
operation. The number given in the diagnostic reflects the amount

of excess in terms of cells.

3.1.6.4 T00 MANY REELS SPECIFIED - LIMIT is 15.

More than fifteen R groups have been specified in the series.

This limit is nominal and may be changed according to user requirements.

3.1.6.5 SYMBOLIC UNIT S.SU** REQUESTED FOR REEL **%** |S UNAVAILABLE.

A Uxx specification has been given for the reel; however, the
monitor has discovered that the requested symbolic unit is not
available. The fact that it is unavailable may be attributed to
either of the following conditions:

a. The unit is not symbolically attached.

b. Its reservation code is not OO.

3.1.6.6 RESERVATION CODE ** (REEL **¥%*) |S NONEXISTENT.

An Iyy or IyyR specification has been given for the reel; how-

ever, a unit with a matching reservation code was not found.

3.1.6.7 UNIT ASS IGNMENT CANNOT BE MADE FOR REEL ¥¥¥*¥*x

When the monitor has allegedly finished processing the REELS
card series, a verification of all unit assignments is made. This
diagnostic indicates that the given reel could not be assigned to
a unit, or the assignment would otherwise be illegal. The condition
was probably caused by one of the following:

a. Sufficient utility devices were not available to

accommodate all of the reels.

b. A utility device other than magnetic tape on channel

B or C was specified (or implied) for the given
permanent reel.

c. A utility device other than magnetic tape on channel B

or C, or disk/drum storage which is not accessed
sequentially in full track w/addresses was specified

(or implied) for the given mediary reel.
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35.1.6.8 REELS #*%x¥x AND #***** HAVE DUPLICATE UNIT ASSIGNMENT SPECIFICATIONS.

The two reels were assigned by the user to the same physical

device; however, the DEFER option was not specified for either one.
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3.2

3.2.1

CREATING THE 1L IBRARY

The SPACE library must always consist of an overlay structure
created by employing the chain feature of IBJOB. The configuration
must be such that the monitor is contained in the main link, with
subsidiary programs constituting the dependent links. By exercising
the copy feature, the library can be placed on the user's personal
reel of tape. Subsequent SPACE applications will then require the
library reel to be mounted, and the reload feature to be employed.
The user should read the sections entitled Loader CHain Feature and

the Reload Program, both contained in the 7040/44 Programmer's Guide.

PLANNING THE LINK STRUCTURE

A considerable amount of tape spacing time can be saved by
planning the link structure of the library in an efficient manner,

as prescribed by the following:

a. A program which is executed via a direct chain from another
program should immediately follow the latter in the library.

b. Subroutines common to two or more programs should be
included in the main link along with the monitor. This
otherwise prevents the same routine(s) from being loaded
with each program in the course of execution.

c¢. The post-execution file utility processor should always
be the last link in the library. Otherwise, it might have
to be passed over several times in the course of accessing
the other programs, thus causing an unnecessary waste of

tape passing time.

in general, a certain amount of finesse is needed to create an
efficient library. The user should be aware of the frequency and
order in which programs will normally be executed, and try to plan

the library so that a minimum of tape passing time is needed to access

the programs.




3.2.2 L IBRARY PREPARATION EXAMPLES

In the examples which follow, the library will be created on
reel 527 and will contain programs 71Z, 81Z and 91Z, in addition
to the required utility processor, UTLITY. Normally, program Tz
will be executed via a direct chain from 912, after which 81Z will
be executed. The structure of the library, therefore, should be

as follows:

Main link = SPACE
1st dependent link = 912
2nd dependent link = T1Z
3rd dependent link = 812
hth dependent link = UTLITY

Assume that the decks comprising the main link and the four dependent
links above exist in binary, FORTRAN source, binary, MAP symbolic

and binary, respectively.
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Example 1:

Create the library, but do not execute.

[N A N 0 S \C I O TS 2 " T V]
@ 3 O w» F W M - O

CARD
NUMBER
CARD
COLUMN ] 8 16
1. $J0B CREATE LIBE - NO EXECUTION
$PAUSE READY REEL 527 ON S.SUOL
$1BJOB LIBE NOGO,LOGIC,COPY=UOL

$CHAIN SPACE
$1BLDR SPC
(SPACE binary deck)
$DKEND SPC

$ENTRY
$LINK 912
$1BFTC 91z LIST,REF

(91Z FORTRAN source deck terminating with END card)
$ENTRY

$L INK T2

$1BLDR 712

(712 binary deck)

$DKEND Tz

$ENTRY
$L INK 812
$1BMAP 817

(81Z MAP symbolic deck terminating with END card)
$ENTRY

$LINK UTLITY

$1BLDR UTLITY

(UTLITY binary deck)

$DKEND UTLITY

$ENTRY

$ENDCH

$1BSYS
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Card functions for example 1:

1.

2.

10.

11.

12,
13.
14-16.

Define job.

Pause, after directing operator to mount reel 527 on
the physical unit (tape transport) assigned S.SUOL.

Define processor application, name of such, and options
which are to be applied.

Must immediately follow the $1BJOB card and specifies the
name of the main link. For purposes of convention and
identification, this name should always be SPACE.

Specifies loader application and name of deck.
Constitutes the binary deck of SPACE.

Signifies end of deck SPC. Should the user elect to place
any subroutine decks in the main link, they should be
inserted between cards 7 and 8.

Signifies end of main link.

Defines beginning of first dependent link. The link
name beginning in column 8 is that which must be used in
columns 1-6 in the program control card series, or the
CALL argument in the case of a direct chain. Note that
it may be the same as the deck name appearing on any
processor control card.

Specifies a FORTRAN compilation for deck 91Z. Note that

the LIST and REF options have been exercised to obtain

a MAP listing and cross reference index. This is necessary,
should the programmer or user desire to make an execution-
time binary patch in the program.

Constitutes the entire FORTRAN source deck for program
91Z2. If 91Z requires subroutine decks, these decks
should immediately follow. They will become part of the
first dependent link and will be loaded along with 91Z
at execution time.

Signifies end of first dependent 1ink.

Defines beginning of second dependent 1ink.

Entire binary deck of program T1Z.

Signifies end of second dependent link.
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e8.

Signifies end of all links. Since a

symbolic unit

specification (UO4) was given for the COPY option,

reel 527 will be unloaded.

Return control to IBSYS.

Example 2: An application using the library.

CARD
NUMBER

CARD

COLUMN 1 8 16

1. $J0B SPACE APPLICATION

2. $PAUSE READY REEL 527 ON S.SUOL

3. $1BJOB RELOAD NOSOURCE

L. $RELOAD UOL ,NAME=SPACE ,SRCH

5. REELS R -1 R 91 F -1002 COPYTO 91003

6. LISTB 100 *

7. 91z INPT 91001 OTPT -100% *

8. (Data cards to be read by program 912)

9. DUMP *

10. 812 -1001 *

1. DUMP 10428 10498 2 *

12. $1BSYS

13. $CLOSE S.SUO4,REMOVE

k. $1BSYS

Card functions for example 2:

1. Define job.

2. Pause for operator to mount library tape.

3. Define processor application.

The NOSOURCE option

should always be specified to expedite pre-processing.

4. Request reload program.

5-6. Constitutes the REELS card series.

7. Program control card requesti

ng execution of program

91Z. Note that four control parameters are being

supplied to the program.
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11.

13.

1k,

Data cards which will be read by 91Z. The program
must have some means of recognizing the last card it
is to read.

Program control card requesting execution of the
dump program with standard parameters. Note that
program 71Z was the last program executed up to
this point, due to the direct chain from 91Z.

Program control card requesting execution of program
81Z. One control parameter must be supplied to the
program.

Program control card requesting execution of the dump
program. The area of core storage from decimal
locations 10428 through 10498 will be dumped in integer
format.

Signifies end of job deck and indicates that SPACE
is to return to IBJOB, after which control will be
given to IBSYS.

Unloads reel 527 to prevent destruction by subsequent
jobs.

Card is redundant; however, must be included at the
end of every job.

Example 3: Create the library and test it:

CARD

NUMBER
CARD
COLUMN 1 8 16
I. $J08 CREATE LIBE AND TEST
2. $PAUSE READY REEL 527 ON S.SUOKL
3. $18J0OB L1BE LOGIC,COPY=UOL= IOL
(Insert cards L-28, inclusive, of example 1)
L. $1BJOB TSTS527 NOSOURCE
5. $RELOAD TO4 ,NAME=SPACE ,SRCH
(Insert cards 5-12, inclusive, of example 2)
6. $CLOSE TO4R ,REMOVE
1. $1BSYS
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Card functions for example 3:

(W]

-~ O v

Define job.
Pause for operator to mount reel 527.

Define processor application. Note that a reservation
code is assigned to the unit to prevent the reel from
being unloaded at the end of the first application.

Def ine next processor application.
Request reload program.
Cancel reservation code and remove reel 527.

Required at end of job.
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3.3

THE TYPEWRITER LISTING

The purpose of the typewriter listing is to provide the operator
with a list of mounting instructions, and the user with a record of
all programs executed. Use of the typewriter is a relatively
expensive operation, and an effort has been made to minimize its

useage.

The monitor always identifies itself at the outset of an

application by typing the following message:
SPACE - VER. x, MOD. y HAS CONTROL

Appropriate version and mod ievels will be supplied to the message.
Following this, a list of mounting instructions, if applicable, will

be issued to the operator, followed by a halt. For example:

READY REEL 91 ON BL.
READY REEL 1395 ON C3.
OPER. ACTION PAUSE

The remainder of the typewriter listing will consist of the order
and name of each program as it is executed, interspersed with error
or unusual condition diagnostics, if any. The last two examples

given in section 3.2.2 might have produced the following:

1. 91z

2. TIZ

3. DUMP
L. 81z

5 DUMP
6. UTLITY
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3.k RELATED USER INFORMATION

ae.

The monitor will not issue mounting instructions for a
reel which is assigned to a unit via an Iyy(R) or Uxx Iyy
option, unless the given unit is not in ready status.
Permanent reels will always be unloaded at the end of the
job, except those which have been assigned to units via
the Iyy or Uxx Iyy option. A}l other reels will be rewound.
The reel header label created or verified by the monitor
for every reel used in a job consists of a five word
physical record, as follows:

Word 1 - SPACE (BCD)

Word 2 - Reel number (integer)

Word 3 - Creation date (BCD, MMDDYY)

Word 4 - Job name on $CHAIN card (BCD)

Word 5 - A checksum of words 1-L.

Only words 1, 2 and 5 are verified when a label is read.
All labels and data files are in high density binary mode.
If an interval timer is available (and operative), the
monitor will indicate the total number of both green and
red light seconds which have expired in the job before
returning to IBJOB.

The REELS card series is always written on S$.S0Ul in card
image form.

The user should always specify a SPACE application on the
machine request card.

To permit adaptability according to user requirements, the
following specifications exist as assembly parameters and
may readily be changed, should the need arise. The nominal
assignment in the distributed version appears to the right

of the associated specification:

1. Buffer size 257

2. Length of HC block 100

3. Length of reel header labels 5

4. Length of file labels 12

5. Max. number of reels permitted 15

6. Single or double buffering Double
7. Block sequence checking Yes

8. Block check sum verification Yes
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SECTION 4

RELATED SUBROUTINES

GENERAL IZED SORTING

Two flexible subroutines are available for the SPACE programmer
enabling him to sort either an internal block of logical records, or
a given data file. The sorting process, in both cases, consists of
arranging the logical records in an ascending ordered sequence, with
respect to a certain word (or words) within each of the records.
These words constitute the 'sort keys', and the order in which they
are specified establishes how the records are to be sorted. The
first sort key given is termed the major key. Sort keys following
the major key, if any, are termed the first minor key, second minor
key, etc. Whenever two records are compared during the sorting
process, the major key in one record is compared with the major key
in the other record to determine which record is the smallest. Should
the major keys compare equal, the first minor keys, if specified, are
compared. This process continues through the minor keys until either

an unequal compare occurs, or no more keys remain for comparison.

Each of the routines has the abiiity of comparing individual keys
1 compare (CAL-LAS).

No provision has been made for specifying collating sequences, nor

via an arithmetic compare (CLA-CAS), or a logica

preserving the sequence of presorted strings. |If sequence preservation
is necessary, the programmer can append a record sequence word to each

logical record and specify this word as the last minor sort key.

THE INTERNAL SORT ROUTINE

The internal sort routine may be employed to sort a given block

of contiguous logical records. Linkage must be as follows:
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CALL SORT(FWA,NREC,LRS,KEY1,KEY2: -+ ,KEYN)

where, FWA = The first word address of the block of records

to be sorted.

NREC = The address of a location containing the number
of records in the block.

LRS = The address of a location containing the logical
record size; i.e., the length, in words, of each
record.

KEYl = The address of a location containing the relative

position of the major sort key; e.g., if the sixth
word of each record is to be the major key, then
C(KEY1) = 6.

KEY2 = The address of a location containing the relative
position of the first minor sort key.

KEYN = The address of a location containing the relative
position of the (N~1)th minor sort key.

The following restrictions/conventions apply to the use of the
internal sort routine:

Parameters NREC, LRS and KEY1 through KEYN must be expressed as
right-adjusted integers.

The sign of each individual key specified establishes the type
of compare to be used for the key. If the sign is plus, a
CLA-CAS instruction combination will be used; if minus, a
CAL-LAS combination will be used. Any number of keys may be
specified.

No validity checks are made on the arguments given to the
routine.

The most time consuming sort application will occur when all
records are presorted in reverse order with respect only to

the ltast minor key. For such an application, the exact number
of machine instructions (1) required to sort the block is given
by the following equation:

I = 3(NREC-1) (NREC[6(LRS) + 14{NKEYS) + 3] + 20} + 38

This equation also holds for the special cases in which NREC = O,
or NREC = ‘-

The entire routine occupies T3 decimal locations.

The sorting technique employed is depicted by the following
flow chart. Here, Rj represents the jth record of the block.
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1.2

FILE SORTING WITH GSMRGE

With many sorting applications, the logical records constitute
a data file on an external recording medium. By employing the
following subroutine, the data file can be sorted, thus creating a
new file reflecting the logical records in ordered sequence. Linkage
must be as follows:

CALL GSMRGE(IFILE,OF ILE,KEY1,KEY2,*** ,KEYN)

where, IFILE = The address of a location containing the
file number of the file to be sorted
(input file).
OFILE =

The address of a location containing
either the desired file number of the
sorted file to be created by GSMRGE
(output file), or zero if the user has
no preference concerning the output file
number. In the latter case, GSMRGE will
store the output file number in location
OF ILE before returning to the caller.

The sort keys, KEY1 through KEYN, are defined and must be used in

the same manner as with the internal sort routine.

The technique which is employed to sort a given file consists
of four logical phases--each phase performing a specific function

of the sorting operation. A brief description of the four phases,

in order of execution, follows:

Phase 1: The Edit Phase.

The edit phase is primarily devoted towards analyzing and
verifying call arguments, defining record storage areas for
subsequent phases, and compiling a calling sequence to the
internal sort routine for use by phase two. The input file

is opened during this phase, and an available work file (WORK!)
is selected to accommodate the first sorted string which will
be developed in phase two. If OFILE has been specified, and,

if it is not on the same reel as IFILE, it will be chosen as
WORKT1.

Phase 2: The Internal Sort Phase.

The function of the internal sort phase is to develop strings
of sorted records read from the input file, and place these
strings alternately on two output work files. The second

such work file (WORK2) will not be located until the need for
it becomes apparent; i.e., when the second string is developed.

If only one string is generated during this phase, control
passes to phase four.
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Phase 3: The Merge Phase.

The function of the merge phase is to elongate the strings
produced by phase two via a second order of merge until only
one string exists, which constitutes the sorted file. To
accomplish this, the record storage area defined during the
edit phase is divided into two read buffers, and each of these
buffers are filled with records read from files WORK! and
WORK2, respectively. An output work file (WORK3) is located
to accommodate the first elongated string developed during

the first merge pass. A fourth work file (WORK4) will be
located when the need for it becomes apparent; i.e., if a
second elongated string is developed. The merge process begins
by comparing the first record in one buffer with the first
record in the other buffer. The lowest of the two records is
then written in file WORK3. From this point on, the process
continues by comparing the next unused record of one buffer
with the next unused record of the other buffer. The lowest
of these two records is then compared with the last record which
was written, and, if the former is higher than the latter, it
is added to the file. Whenever one of the buffers is emptied,
it is refilled from the appropriate input file. Eventually,
stepdowns will occur in both buffers; i.e., a point will be
reached where the last record added to the output file is
higher than either of the records compared in the two buffers.
At this time, the current output file is suspended, and the
process resumes using the other output file. Thus, the
elongated strings will be alternately written on the two output
files, and, the length of any such string will be at least
twice that of any string read from either of the input files.
The end of the merge pass occurs when both input files have
been emptied. [f only one output file was used during the pass,
control passes to phase four; otherwise, input and output files
are switched and the next merge pass is started.

Phase 4: The Posting Phase

The posting phase is executed when a single string has been
developed on an output file. |If the user did not indicate a
preference of output files, the file number of this file is
placed in location OFILE, and control is returned to the call-
ing program. |If an output file preference was indicated, a
file copy, if necessary, is performed to produce the sorted
output on the specified file.

L.1.2.1 RELATED INFORMAT ION

de

The record storage area defined in the edit phase consists
of all locations between the upper and lower memory breaks,
these of which are contained in the address of $.SLOC+3 and
decrement of $.SLOC+:, respectively.
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b. The search for available working files always begins with
the first entry in the REELS Table. A given reel will be
judged available only if the following criteria are satisfied:
1. No file is currently active on the reel.

The reel is not logically file protected.

The reel is not currently in a deferred state.

= Ww

The position of the trailer label is known. Note that
the position of the trailer will be known if (a) the
reel is mediary, or (b) any file has previously been
written on the reel during the job, or (c) the NOLABEL
option was exercised in the REELS card series.

When an available reel is found, the file number of the work
file is computed by multiplying the reel number by 1000 and
adding one plus the corresponding entry in the TRLPOS table.
Thus, no data file can ever be inadvertently destroyed by
GSMRGE .

c. All files used by the subroutine, including the final output
file, are closed before returning to the calling program.

d. The entire subroutine occupies 597 storage locations.

Virtual control sections include READB1, READB2, ABOUTI,
ABOUT2, ENDF, OEDIT, SPACE, SORT, S.SLOC and S.XOVA.

L.1.2.2 ASSOCIATED ERROR DIAGNOSTICS

If an error is detected by the subroutine, an appropriate
diagnostic will be written on S.50U1, followed with a direct chain
to the dump program. The diagnostic will always include the BCD
name of the program currently in execution, the absolute octal loca-
tion of the call to GSMRGE, and its associated internal formula
number (IFN), if one exists. The error comments, together with the

condition(s) which can cause the error are as follows:

1. NO SORT KEYS.

At least one sort key must be supplied to the routine.

2. BAD SORT KEY SPECIFIED.

The magnitude of a given sort key either exceeds the LRS of the
file, or is zero.




INSUFFICIENT INTERNAL SORT AREA.

The record storage area defined during the edit phase is not
large enough to accommodate at least three logical records.

INSUFF ICIENT MERGE TAPES.

An available work file cannot be located. Note that this
condition could occur in any of the first three phases.
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L.2.1

BCD OUTPUT VIA GGOUT

This is a highly flexible, interpretive output subroutine, con-
trolled by the programmer via pseudo-operations placed in the calling
sequence. It will write a given line on $.S0Ul and/or type it, convert
floating point to fixed- or floating-point decimal numbers, fixed-
point binary numbers to decimal, any 36-bit word to octal; and will
print words already set in memory in binary-coded decimal form. Note
that the routine can only be accessed via a TSX linkage and hence,

is applicable only with MAP coded programs or subroutines.

CONVERS ION SPECIFICATIONS

Use of the GGOUT subroutine will involve at least three instruc-
tions, the first of which is the entry instruction, followed by one
of the conversion pseudo-instructions listed in Table 4-1, followed
by a line-spacing instruction (PON or MON). These pseudo-operations
will accomplish the appropriate conversion and store the word in

the 1ine image.

Table L-1

GGOUT Pseudo-Operations

Code Comment Explanation

PZE Plus Zero Binary-to-Octal (Logical) Conversion.
MZE Minus Zero Integer-to-Integer Conversion.

PON Plus One $.50U1 Line-Spacing Instruction.

MON Minus One Indicator for a type request.

PTW Plus Two Fixed-to-Fixed Conversion.

MTW Minus Two Floating-to-Floating Conversion.

PTH Plus Three BCD-to-BCD Conversion.

MTH Minus Three Floating-to-Fixed Conversion.
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Note that in Table 4-2, the symbols D, PPP; and NN appear in
the decrement. PPP, which appears in all the decrements, denotes
the end print-wheel position and thus determines the column of the
last symbol of a word. NN, used only with the PTH operation,
indicates the number of BCD words (six characters each) to be printed,
starting with the one in the address K. The normal range of PPP is
00l to 132, hence the range of NN is Ol to 22. Normally, then, the
largest possible decrement is 22132. The D in the decrement indicates
the number of decimal places to be used in the output, and has the
range of O to 8. |If, however, D, or NN is used, the PPP must always
consist of a three-digit number (e.g., if DD is 8, and PPP is 15,
then DDPPP must be 8015).

The tag, shown, in Table 4-2, may be used to modify the address
of the conversion instructions. The tag may be a 0, 1, or 2. If a
1 or 2 is used, the modified address will be K minus the contents of

the corresponding index register.

Table L-2

Pseudo-Operation Instructions

Code Address Tag Decrement
PZE K T PPP

MZE K T PPP

PTW K | DPPP

MTW K T DPPP

PTH K T NNPPP

MTH K T DPPP
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2.2

h.2.2.1

h.2.2.2

PSEUDO-OPERAT ION DESCRIPTIONS .

A brief description of each of the pseudo-operations associated
with the GGOUT subroutine is presented here. Because address modifica-
tion is permitted with the conversion operations, the effective

address will be shown as L.

THE PTH PSEUDO-OPERATION

This instruction is used to write or type, from left to right,
BCD words located in address positions L to L + NN. The last
character of word NN is printed in print position PPP. [In most
cases, this character will be a blank space, since BCl listings
usually do not contain exactly six characters in the last word.
Also, 22 words may be printed with one PTH instruction, even though

only ten can be entered into memory with a single BCl instruction.

If just the print position is stated (i.e., NN is omitted from
the decrement), the word occupying position L will be printed with
its last character in position PPP. However, if NN is correctly
indicated, but PPP is not big enough to contain NN words, the PPP
will automatically be increased to print the line in the first NN + 1

word location.

Greater speed may be achieved using the PTH conversion by
employing multiples of 6 for PPP, since a 6-character word is
transferred to the image as a whole. |If PPP/6 leaves a remainder

the transfer proceeds character-by-character.

THE MTH PSEUDQ-OPERATION

This instruction converts the floating binary number in location

L to a D-place fixed decimal number, where 0 <D < 8. For D = O,

a rounded integer without the decimal point is the output. For a
negative number, the minus sign is printed to the right of the number;
this position is determined by the print-wheel position. Any number (N),
where N 2.235, can be converted to a floating-point decimal number by
MTH.
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' 2.2.3 THE_PTW PSEUDO-OPERAT ION

This operation converts a fixed-point binary number to a D-place
fixed decimal number, where O < D < 8. The location of the binary
point is indicated in the address portion of a PZE instruction, which
must follow the PTW. |If the binary point is outside the O to 35 range,
the program will go to the next pseudo-operation. The binary point
in the PZE address is determined by counting from the left-hand end

of the word in location L.

L.2.2.4 THE MTW PSEUDO-OPERATION

This operation converts the binary. floating number of location L

to a D-place decimal number, where 1 < D < 8. The answer format is:
XeXXooooooooo o XX+ YV,

where the positive signs and leading zero of YY, if any, are actually
indicated by a blank space. A floating-point number whose binary

exponent is zero is printed out as an integer by MZE.

4.2.2.5 THE PZE PSEUDO-OPERATION

This instruction converts the logical word in location L to a
12-digit octal number with no sign. A one-space separation is

inserted between digits 6 and 7.

This conversion is accomplished by inserting three binary zeros
before each set of three binary digits of the number in location L,
thus transforming any three binary bits to the appropriate octal
number expressed in BCD code. The PTH operation is used internally

by PZE to transfer this information to the output.

4.2.2.6 THE MZE PSEUDO-OPERATION

This operation converts the contents of location L to a decimal
integer with no decimal point. The sign is located immediately to

the right of the integer.
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".2.7 THE PON PSEUDO-OPERATION

h.2.2.8

This operation is a line-spacing instruction for writing on
S.Soul.

The address portion of the instruction may be used for regular
spacing, double spacing, or to restore a page before printing by
specifying an address of O, 3, or 1, respectively. [If the address

of a PON is -1, GGOUT will not alter the first character in the
line to be put on tape.

HE MON PSEUDO-OPERATION

—

This operation indicates that the line image is to be typed.
The decrement, tag and address of this pseudo-operation are ignored.

A line may be written on $.50U1 and typed by following the PON
with a MON.

4-2-05

- e

ol



4.3

b.3.1

k.3.2

UTILITY ROUTINES

FILE NUMBER ACQUISITION WITH GETF

In many instances, a program will require the use of one or
more working files for temporary use. To eliminate the need of
depending upon fixed file numbers, the programmer can employ GETF
to locate an available working file. The criteria used to judge
availability is identical to that described in part b of paragraph

4.1.2.1. Linkage must be as follows:
CALL GETF(AVAILF)

The argument, AVAILF, is the location into which GETF will store
the file number. Note that a reel with an active file on it will
be judged unavailable by GETF; hence, several working files could

be located at one time with the following sequence:

CALL GETF(WORK1)
CALL ABOUT! (WORKI,LRS1)
CALL GETF(WORK2)
CALL ABOUT (WORK2,LRS2)
CALL GETF(WORK3)

If GETF is unable to locate a working file, the condition will be
treated as an error and a diagnostiic will be given indicating the
current file activity status of all reels. Execution of the calling

program will then be terminated by returning to the monitor.

OBTAINING THE CURRENT DATE

A subroutine is available to the SPACE programmer enabling him
to obtain the current date (including the day of the week) for page

headings, etc. Linkage to the routine must be as follows:

CALL MTWTF(ARRAY(1))
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The argument, ARRAY, is the location of the first word of a five
cell array into which the BCD date is to be stored by MIWTF. The

date format will be as follows:

ARRAY(1) = WEDNES
ARRAY(2) = DAYDHAP
ARRAY(3) = RILb 7,
ARRAY(L) = b 19650
ARRAY(5) = bbbbbb
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